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A. INGREDIENT NAME:

METRO NIRAZOLE 13ENZOATE

Chemical Name:

5-nitro-lH-imidazol- l-ylethyl benzoate

Common Name:

Chemical grade or description of the strength, quality, and purity of
the ingredient:

Assay: 99.54% calculated as dried basis

Information about how the ingredient is supplied:

White or slightly yellowish, crystalline powder

Information about recognition of the substance in foreign
pharmacopoeias:

The Indian Pharmacopoeia Volume I (A-P) 1985

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Stolze, K. Elimination of Elyzol 25% Dentagel matrix from periodontal pockets. J C/in
Periodontal, 1995; 22(3): 185-187.

H. Information about dosage forms used:

Suspension

L Information about strength:
.-

400mg- 3 times daily, for 5-10 days



#-%

J. Information about route of administration:

Topically

K Stability data:

Melts at about 99-102°
Keep container tightly closed

L. Formulations:

M. Miscellaneous Information:

___
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ANALYSIS CERTIFICATE ...... ......N.O.............3.2.4.3.......................................................... . .............. ......................................

Your Oral. No. ..........o f..,..h.e,e,.,. l.,O.t.k...e.C,C~.,....9.$lZ9..$lZ.. ........ Our Ref. No. ............2..9.~.~.................................. .....................................

Quantity
MATERIAL .METRONIDA20LE BEN,ZOATE B.P.

Batch
... .... . .,,,,,,

., ..,.,.,,,..rn,icr,o,n,ized KG 50 - 0712. . ...................... ..... ................................. ...................... .,,,,,,., ......................,,,,,.,, ....,. ,., ,.,,,,,,...,,,,,,,.,,,

Empirical formula .. . ... . ... . ... ............. . . .......

Molecular weight ... . .

Aspect .. . . . .... .micronized powder

Color,... ..,.slig,.ye,.llow.ish, ...

Odor . ..

Taste

Melting point ..............9.?..... ...! 02...C ................. .... .... ...\...” “’

Boiling range . . . ..

. . ...

.

. ... ... .... ....

Volubility practically insoluble .in water;
freely.soluble in Dichloromethone; soluble

iflAceton~ .............. “’- ... . . . .. .. ....

... . ,,,,...,........,.,,.,,,,,,,,.,,,,,,,, ,.,,,.,,..,,,,

PH ..... (acidi,ty),O.O?.MI....,.,...,.......,,.

I I I

Specific rotation,,..,.,.,,,,,,, -,,,,,,,,,,,,,.,,,,,,,,,,...,,,,,.,,,,,,,,,,,,,,,,,,,,,,

.. .. . .. . . .. . .

Light absorption ...,.,.,,

Loss on drying .,.,..,.,.,,,..!?.:.1??3%.

0.0398%Residue on ignition
*

. .

Chloride ............................................. ....... . ... .... . . . .. ... ..........

Suifate .................................................... ....... ....... . .. . .. .... .. . .
//

Heavy metals. .......k.e.ss...~an 20 PPm.

Identification . ..... .. . ..A).Melting .............99...-.102°C
B) complies

““""'c)'""`-''"'"""''"'"''''""'"""'"""'""

Titer (Assay) 99.54% calculated as dried basis,.

D)
.

E)

..... .. . ... ..... .. . ... ................... . .. . . . ... . .... ... ........... . ...,.,,,.. ,,,..,,, ,,,,.,,,,,,.,,,.,..,,,.,,

Other requirements, notes .~es??l,~s of ..tes.~ .or,.,ana.@ls... a.s....PBr...B...p . ..... .... .

Related substances pa
. .....

te

.... . .

. . .. ....

. .. . ...... ....... .
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QUALITY CONTROL REPORT

CHEMICAL N?WE. :METRONIDAZOLE BENZOATE POWDER

MANU~ACTURE LOT NO. :0712

PHYSICAL TEST

SPECIFICATION TEST STANDARD. :USP /BP /MERCK /NF_/MART. /CO.SPECS. .—— . — —

l)DESCRIPTION .:
WHITE OR SLIGHTLY CREAM TO YELLOWISH, CRYSTALLINE POWDER OR FLAKES.

2)SOLUBILITY. :
VERY SOLUBLE IN CHLOROFORM,ALCOHOL; SOLUBLE IN ETHER,INSOLUBLE
IN WATER.

-_ 3)MELTING POINT.:
MELTS AT ABOUT 99-102 degree, <

4)SPECIFIC GRAyITY. :

5)IDENTIFICATION .:
A)COMPLIES BY IR SPECTRUM AS PER COMPANY SPECS.
B)A SOLUTION PH IS 5.8.

PASSES. :

COMMENTS.:

ANALYST SIGNATURE. :

FAILS .:

DATE .:

PREPACX TEST.: DATE .: INITIAL. :

RETEST. : DATE. : INITIAL. :
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C l!KATEI&IU SAFETY DATA

1/4

SHEET
Ii I

J. cliEM’lcxL PRaniml’ nwNTnmATIalv

Product name : M’E’TRCINIIMZC)U3BEN20ATE
Che.snicdnutte : MMena3ylo!qmi@2mlethy’i-sl@m tmidamk
Emp. FOzmtlla ‘ qJ+&o, -2753

*

{ 7

2. com@lsn7cMr ! flwoR&mmv’ ox nwMuimEm’s

alemfal name C.&3N“ EmlEcs N’ Symbol %

l+~*Ylk2-*l- 6919$-10-3 Xn 99%
inl&zole

r
9. =a.zARv .mEnmP’Itim

Effect(a) of (averhqmnlre: May amlse Mtiilion in mapkimr$?apparatua.

symptom of (0-verkxpo$mre

Inhalation : riot●nxihdde
skin : not avaW.tde
Eyes $ not avdlable
Irt&wtiurc : not av~ble A

II 4. lm?8TAm Mlclw5iu3ucs
L

hhalatiorc Effects kiily be irrftatlrig.
First aid Remove victim tofreshair.Keep victimat rest. Consult a doctor.

skim Effacts May be irritating.
First aid Remove cmtarn.hd clathhg, Wash off with plenty pf water and

soap, Comult a dtiox.

EyefR EHecte May be irritating.
First aid Waah uut with plenty of water, Consult a doctor.

II Ingeedon: Effects LDm 1,050 mg/Kg

II Fbt uid Wash out mouth with water. Consult a doctor.

.—-.

30/04 ’98 15:47 NR. TX/Rx 4143

.
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Product nam~ METRc3NIDAZC)LE BENZOA~ i’age 2 of 4

a. HUE JmErnnm MEAsimzcsf

Extingubhing measumni

Suitable .. Water spay, COP foam, dq chemical

Not be wed :

Hazardous thermal : co, co,, N(3X

decomposition and
combustion ~roducta

Protective quipmmt : Self-contained breathing appamhm. FuU protective clottdng.

6, ACCUM!NZXL RELEMSE MBM3URES

Pessonal precautions : Waar suitable protective clotNng. When wing do not -t,
drink or smoke.

Ewi.ronmental psecmttions : Not available.

aean.hlg pmcethlm!s : CoUsct spdled material. Cleanup affected area* watar.

See section 3 and 13
-—

r

7, lUNDLLNG AN13 SZX3RAOE

Handling : Ven*tion recmnmended. When usingdo not eat, drink or smoke.

$tmiga : K9ep CDwai.mertightiy closed.
i

8. ~URE CiXVll?Q&3 I PERSONAL PRGZ’EdTION

Respiratory protection : Airlinal respirator or dust mask, type I%!

Hand protection ; Rubber j#OV@S.

Eye protection ,
● Safety gogj@es or face ah.mld.

Skin protection : Working clothing,
.4

..-..—

30/04 ’98 15:47 NR. TX/Rx 4143 P02

9PR 30 ‘9S 09:24

——
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Frohct name: METROMDAZC)LE BENZC3ATE Page 3 of 4

9. ,Pm%?mALANDcEmmM,LPRo~

Appearance ; mystahepowder Vapour pressure : Not available

Glow : White to ycdlowish-white Vapour density : Not m@ab&
Odou.r \ Odoudess Flash point : Not avaiIable
Melt&g point : 99°- I03°C Autoignition : Not available
13dlfJlg point : Not available FkumnaMUty : Not flammable
Relative density : Not available Explosive propertka: Not available
BuIk density : Not available Upper lhit : -

(
Sohbtiity irt water ~ &5% at ZO”C Lower -t : -
pi-i : Not available Viscosity : Not available

Partition coefficient z Not available Conductivity : Not available
— —

t 1

10. sTaBJLiTYAlm RmmlnmY

Conditions to avoid : -

Mate.rials to aVdd : O%i&zing agant.il

Hazardous decomposition : N(2x
products

-
11, mCOL00x31L ~z’!xlN

Acute tOXiC!~

oral .. Not available

Del’mid : Not available
Inhalation : May be Mating

Eye Mtatiork : May be imtaung

Skin ixzltation x May be untadng

Other information : Not available
\

Ja. ECCWAGXCAL nvFolumTIolv

Mobility : Not available

Persistence and : Not available
degradability

Bioaccumulative : Not available
potalatial

&otQxicity : Nat available

_-, ..

GIPR 3D ’98 139:24

30/04 ’98 15:47 m. TX/u 4143 P03

~039 2 6693128 PQGE . EM4
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Product name; METRONIDAZOLE lJEN20ATE Page 4 of 4

1

— 1S. DISPOSAL COlVSlDER4TIcMWi

Methods of dispom~l : ChlbWtiOn in an ktieXatOr for chemical wasQ.

I . .
Danger(s) : Not available

14. TRANSPORT mJtMAT~

Special precautions :

Classification
UN Code : Packaging group :
ADRiRID : WAO/’IATA :
IMo :

)

_—-_

15. REGULATORY llV1’Ow’170N

EC Classification

Contains: l-(2&~z0y10qetiyl~2-a*yl-5-tiMoimidazoLe

Symbol: xn

milk p&asGs: 20/22

Safety phrases; 2

The hformation contained in this data sheet is. to the best of our knowledge, true and

accurate, but any recommendations or suggestions which may be made are without

guarantee, since the conditions of use are beyond our control.
>

Furthermore, nothing contained herein shall be cotitrwd as a recommendation to use

any product in conflict with existing patents covering any material or its use.

Issued on jartuary 199S

—-.
. . . . ..

30/04 ’98 15:47 m. TX/Rx 4143 P04

FIPR 31Z ’98 B9:24 0039 2 6693128 PRGE. W15
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Storage Store in a well-closed container, protected &om
light.

Preparation

Metiylprednisolone Acetate Injection

Action and use Corticosteroid.

1/95

Metoprolol Tartrate

Identification Test A. Une 4.For‘18°’read‘-180’.

Line6. After ‘residue’insert’,AppendixII A’.

Heavymetala Ike 2. For ‘1 ml’ read ’10 ml’.

Add the followingstanxnent.

Prepamions
Metoprcdol Injection
Metoprolol Tartrate Tablets

Metronidazole

Add a five-pointed star (*) to the title.

Preparations Add the following
Metronidazole Intravenous Infksion

-P.

)&a;>G!’

i

l-’+yJ
Me

/
N

12/93

7/94

7/94

C,JHl~N~04 275.3 13182-89-3

De6nition MeuonidazoleBenzoa[econtaingnor less

b 98.5%ad not more than 101 .0?/0o~-me~yi.
.5-nitro-lH-imidazol- 1-ylethyl benzoate, Cl~H ,3N~Oq,
calculated with ref-nce to the dried substance.

Characteristka White o*_~ellowish, aystdine

6powder or flakes; p~&-4y insoluble in ww~~ijj””
-e in akkkmetkw soluble in ac~ slightly

soluble in ethanol (96%); kry slightly soluble in esher.

Idasti5cation Zdenss)katzbntest C may be omiued #
*M tests A, B, D and E are amid mu Idenrij%XP
nimtesrs B, Dand Emaybeomiswi zJ&nt@anbn sests A
~Ac=~-of#.

-= A. Mekingpoirtq 99° to 102°, AppendixV & Method I.
B, Dissolve 0.1 g in lM hydmchlonk acid and dilute to
100 ml with tb.e same acid. Dilute 1 ml of tbe solutionto

100mlwithlM hydmcti acid. Examined between
220 nm and 350 nm, Appendix II B, tbe solution shows
two absorption maxima, at 232 nxn and 275 nm. The
speaj’icabsdance at the maximum at 232 ntn is 525 to
575.
C. Examine by infianxi absarpobn spectmphowmeny,
Appendix II A. The absorption maxima in the spectrum
obtained with the substance being examined correspond
in position and relative intensity to those in the spectrum
obtained with mmomdaz ole benwase ERXS.
D. Examine the chromatograms obtained in the test for
Related substances under uhvidet tight(254 nm). The
principal spot in the chromatogram obtained with solution
(2) is similar in position and size to the principal spot in
rhe chromatogmm obtained with solution (3).
E. To about 10 mg add about 10 mg of zinc powder, 1 ml
of water and 0.3 ml of hydrochknic acid. Hear on a water
bath for 5 minutes and COOLThe soluaon yields the
reaction characteristic of @nay aromatic amine.s,
Appendix VI.

Appearance of solution Dissolve 1 g in &nerhy~onn-
a and dilute co 10 ml with the same solvent. The
.sduaon isnotmore opalescent than mjhence suspemh 11,
Appendix IV& and not more intensely coloured than
#emw sohutbn G~, Appendix IV B, Method II.

Acidity Dissolve 2 gin a mixture of 20 d of dimerhyi-
formand and 20 ml of waser, previously neutralised widt
0.02Ai ~~ acid VS or 0.osMsodiumhydttxide VS
using 0.2 ml of methyl redsokion. Not more than 0.25 ml
of 0.02Msodium&dvxide ~ is required to change the
colour of rhe indicator.

Related wsbatxsnceaExamine by thin-kzyer chromaw-
graphy, Appendix III& using sikz gel HF254as the
coadng substance. Heat the plate at 110° for 1 hour and
allow to cool before use.
S&&m (1) Dissolve 0.20 g of the substance being
examined in acetom and dilute to 10 ml with the same
solvent.
Soksion (2) Dike 1 nd of solution (1) to 10 tnI with
uerone.
Soiunbn (3) Dissolve 20 mg of meavnduzole benzoate
EFCRS in acewne anddiluteto 10 ml with the same
solvent.
Solunbn (4) Dike 5 MI of solution (2) to 100 ml with
acewne.
Solusion (5) Dilute 2 ml of solution (2) to 100 ml with
acewne.
Sofunbn (6) Dissolve 10 mg of metmnida.zofe EXRS in
ac@me and dilute to 100 ml with the same solvent.
Solunbn O) Dissolve 10 mg of 2-methyl-5-niroimziiazo& in
acewne and dilute to 100 ml with the same solvent.
Solusi-m (8) Dissolve 10 mg of metromdazole EIW?.S and
10 mg of 2-merhyl-5-miroi&o& in acewne and dilure to
50 ml with the same soivent.

Apply separately to the plate 10 pi of each solution.
Develop over a path of 15 cm using ethyl acerase. Allow tie
plate to dry in air and examin e under ultraviolet light
(254 nm). In the Chromarogram obtained with solution
(1) any spot cormponding to memonidazole or 2-methy1-
5-niuoimidazole is nor more intense than the con-espond-
ing spot in the chmrnmograms obtained with solutions (6)
and (7) respectively (O.So/o). Any other seconahy spot is
nor more intense &an the spot in the chromatogram
obtained wirh solution (4) (O.5°/0) and at most one such
spor is more intense than the spot in the chromatogram





lKETRoNrrMzoLE

Losson drying : Notmorethan0.5percent,determined
on 1.0 g by dryinginanovenat105”,Appendu 5.8.

Assay : Weighaccuratelyabout0.45ganddissolvein10
mlofgladalacetic acid, addafewdropsofl-napbthol-
benzet’n solution and titrate witn 0.1 N pe?cb[onc qcid
until a pale-greencolour isproduced. Performa blank de-
termination and make any necessarycorrection.Eachml
of 0.1N pemhIon”c acid is equivalent to 0.01712 g of

W9N303.

Storage: Store in well-closed light-resistant con-
tainers.

Metronidazole Tablets
Category : Anti-amoebic; antitrichomonal; anti-
giardial.

Dose : Metronidazole. For trichomoniasis, 200 mg
three times daily, for 7 days.

For atnoebiasis, 400 mg three times daily, for 81to
10 days.

For giardiasis, 2 g daily for three successive days

k for adults, I g daily for children and 400 mgdailyfor
infants.

Usual strengths: 200 mg; 400 mg,

Standards: Metronidazole Tablets contain not less
than 95.o percent and not more than 105.0 percent

of the stated amount of Metronidazole, CJ+$J30j.
The tablets may be coated.

Identitkatiori: (A) Shake a quantity of the powdered
tabletsequivalent to about 0.2 g of Metronidazolewith 4
ml of N sulpbtvic acid and filter. To the filtrate add 10 ml
ofp”cn”cacidsolutim and slow to stan”dfor one hour, the
precipitate afier washing with cold water under suction
and drying at 10Y melts at about 150”, Appendix S.11.

(B) Complywith l&ntifkation test(B) describes un-
der Metronidazole,using a quantity of the powdered tab
lets equivalent to 10 mg of Merronidazole.

2-Methyl-5-aitroimidazole : Complywith the testdes-
cribed under Metronidazole, using as solution (1), a solu-
tion prepared in the following manner: Shake a quantity
of&e powdered tablets equivalent to O.2g of kletronida-
zole with 5 ml of mixture of equal volumes of cblorofotm
and metby[ alcohol forfiveminutesandfilter.Thechro-
matogramobtainedwithsolution(1)may alsoshow
spotsdue to excipients.

Other requirements : Comply with the requirements
stated under Tablers.-—_
Assay : Weigh and powder 20 tablets. Weigh accurately Q
quantity of the powder equivalent to 0.2 g of Metronida-

zole, rransfer to a sintered-glass cmcible and extract with
six quantities, each of 10 ml, of hot acetone. Cool, add to
the combined extracts 50 ml of acetic anbydride, 0.1 ml
of a 1 per cent w/v solution of bn’tliant green in g[acia[
acetic acid and titrate with 0.1 N pexblon’c acid to a yel.
Iowish-green end-point. Perform a blank determination
and make any necessary correction. Each ml of 0.1 N
percb[oflc acid is equivalent to 0.01712 g of CJ-1#303.

Storage: Store in well-closed, light-resistant con-
tainers.

Metronidazole Benzoate
Benzoyl Metronidazole

cH2cH200cc&5

~Y02N CH3

II

C,3H,3N304 hiO1. Wt. 275.27

Category: Anti-amoebic.

Dose: For amoebic dysen_yy,&eequ@alent of 400
mg of metronidazole three times, daily, for 5 to 10 J

-days,
‘-

NOTE –200 rnKO~&-
mateiy equivalent to 125mg Qf memmiahmie.<
Descripdon: White or cream-coloured crystalline
powder, odourk; almost tasteless.

Volubility: Sparingly soluble in water; soluble in

Cb[O?VfW, in acgt~~, and in CZ./CObO[@per cent).

Standards: Metrofiidazole Benzoate is 2-(2-me-
thyl-5-nitro-imidazol- I:yl) ethyl benzoate. It con-
tains not less than ~8.O per cent of C13H,3N30,, cal-
culated with reference to the dried substance.

tdentifkation : (A) The light absorption, in the range
230 to 530 nm ofa l-cmlaverofa0.001 per cent w/v SOIU.
tion in etbjd alcohol exhibits a maximum only at 309 nm;
extinction at 309 nm,about0.3, Appendix 5.15A,

(B) It gives the reactionsof benzoates, Appendk 3. I.

Melting range : Between 100” and 102”, Appendix 5.11.

pH : Between 5.0 and 7.o, determined in a 2.o psr cent
w/v suspension, Appendix 5.10.

Free benzoic add :Notmore than 0.2 per cent, deter-
mined by rhe following method: Dissolve 0.50 g in 25 ml
of a[cobol and titrate with O.I N sodium hydroxide. using
phenol redso!ution as indicator. Perform a blank determi-
nation and make any necessary correction. Ezch ml of

320



MORPHINE HYDROCHLORIDE

O.I IV sodium Lydruxzde is equivalent to 0.01221 g of
C,i%oz.

Related substances : Carry out the method for tbin-
l~er cb?w?tatogmpby, Appendix 5.4.3, using siii6a gel
HF 254 as the coating substance and a mixture of 8
volumes of cblomfown and 2 volumes of acetone as the
mobile phase. Apply separately to the plate 10 PI of each of
three solutions in a mixture of equal volumes of methyl
alcohol and cblomform containing (I) 6.o pwcent Wlv
of the substance being examined; (2) 0.02 pr cent w/v of
2-methyl-5-nitmimich.xt3ie R.S. and; (3) 0.02 per cent
w/v of metnmiahzoie R.S. Afier removal of the plate,
allow the solvent to evaporate and examine under an
ultra-violet lamp having a maximum output at about 254
nm. The spots in the chromatogram obtained with
solutions (2) and (3) are more ~tense ~MI any
corresponding spots in the chromatograrrt obtained with
solution (1).

Sulphated ash: Not more than 0.1 per cent, Appendix
3.2.7.

Loss on drying: Not more than 0.5 per cent, determined
on 1.0 g by drying “in vacuo at 60”,” Appendk 5.8.

Assay : Weigh accurately about 0.5 g and dissolve in 50
ml of acetone. Add 10 ml of acetic anhydn”de aridtitrate
with0.1N petzblo?ic acid using bn’l[iant gn?en soiution
as indicator. Perform a blank determination and make any
necessary correction. Each ml of 0.1 N percbloric acid is
equivalent to 0.02753 g of Cl#I#J@4.

Storage : Store in well-closed, light-resistant con-

tainers.

Morphine

HO

%

1;

0, H
‘.

/
HO”’

~yckxxhloride

●LHCH3 cr, 3 Ii20)

C,7HJJ03, HC1,3H,0 Mol. Wt. 375.85

fldtegory: Narcotic, analgesic.

Dose: 10 co 20 rng.

Description: Colorless, glistening needles or
white crystalline powder; odourless; taste, bitter.

Volubility: Solubie in water; sparingly soluble in
alcohol; practically insoluble insolvent etherand in
cblcmofm, soluble in glycen’n.

Stan&UxkJ: Morphine Hydrochloride is the trihyd-

rate of the hydrochloride of 7,8-didehydro-4,5a-
epoxy- 17-methylmorphinm-s ,Ga-diol, which may

be obtained from opium. It contains not less than

$)8.0 per cent and not more than the equivalent of

100.5 per cent of Cl~H#Oj, HU ~l~lated with re-
fkrence to the dried substance.

Identifkat.ion : (A)Sprinklea smallquantity in powder
form on the surface of a drop of nitric acid; an orange. red
colour is produced.

(B) To a 2 per cent w/v solution add potassium fetn”-
qyaniak solution containing 1 drop per ml offcm’c cblo-
ride test-sohihn; an immcdixebluish-greencolour is
produced (distinction from codeine).

(C) Add 5 ml of .sufphuric acid w 5 mg in a tcsttube,
and add 1drop of /k?m”cCb{on”detes{ .wdu(I’(JtI. and hi.w
in boiling water for two minutes; a deep blue colour is pro-
duced. Add a drop of nitric ucici; the colour changes to
dark red-brown (codeine and ethylmorphine give the
same colour reactions, but dihydromorphine arid

papaverine do not produce this colour change).

(D) Add COabout 1 mg of the powdered substance in a
porcelain dish 0.5 ml of stdphu?ic acid containing 1 drop
of fomuddebyde solution. A purple colour is formed
which turns to violet.

(E) Dissolve about 5 mg in 5 ml of water, and add I ml
of byrirogenpemxid? solution, 1 ml of dilute ammonia
solution and I drop of a 4 per cent w/v solution of copper
suipbate. A transient red colour develops,

(F) Asolution (1 in 20) gives the reactions of cldotides,
Append= 3.1.
Addity or Alkalinity : Dissolve 0.2 g in 10 ml of fleshly
boiled and cooled water add 1 drop of methyl rvd solu-
tion. Notmore than either 0.2 ml of 0.02N sodium hydr-
oxide or of O.02N bydmcblonc acid is required to change
the colour of the solution.

Specific optical rotation : Between - 11~ and -1 lY,
calculated with reference cothe dried substance and deter-
mined in a 2 per cenc w/v solution, Appendix 5.12,

Ammonium salts : Heat 0.2 g with sodium hydroxide
solution on a water-bath fcr one minute; no odour of
ammonia is perceptible.

Other alkaloids : Not more than 1.5 percent, calculated
with reference to the dried substance, determined by the
following method: Transfer 0.5 g to a separator, add 15 ml
of u’uter, 5 ml of ,Vsodium hydroxide, and 10 ml of
cblon-$onn, shake. allow to separate, and mmsfer the
chloroform solution to another separator. Repeat the
extraction with two further quantities, each, of 10 ml,
of cbiomfonn. Wash the mixed chloroform solutions
with 10 ml of 0.1 N sodium bydrom”deandthenwkh two
succesdve quantities. each of 5 ml, of water, evaporate to
dryness on a water-bath, and dry the residue to constant
weight at 10Y’,

321
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Elimination of Elyzol 25% Dentalgel matrix from periodontal pockets.

Stokze K

Department of Periodontology, School of Dentistry, Faculty of Health
Sciences, University of Copenhagen, Denmark

J Clin Periodontol 1995 Mafi22(3): 185-7

:-y’’isd’@’--~ Qlgll~of
erlo ont]tn is a sus e sion ofmetronidazole benzoate (40°/0) in a mixture—— —.

of glyceryl mono-o eate (GMO) and triglyceride (sesame oil). Metro~iiiole
can be de in the periodo~~al~ockets 24-36 h afte,.—...___— —.. —
aim of the present study was to estimate the period of
matrix persists on periodontal pockets after 1 application of EDG. 12
patients were included in the study. From each patient, 1 sample was taken
before and immediately after, and 1,2,3,4,5,6,8, 12 and 24 h after
application. Subgingival scaling followed by absorption of gingival
crevicular fluid with filter paper was used for sampling. The sampling unit
was 1 tooth. Each sample was assayed for the amount of GMO and oleic
acid (a degradation product of GMO) by means of high-performance liquid
chromatography (HPLC) with UV detection. To allow determination of the
GMO dose applied into the pockets and to estimate the recovery rate of the
sampling method, 1 tooth in each patient was selected for sampling as soon
as the gel had set, i.e., about 10 min after application. Only in 1 patient was
a detectable amount of GMO within the pocket revealed 24 h after
application. This amount was approximately 0.5°/0 of the mean GMO dose
applied around 1 tooth. GMO was found no longer than 12 h in the
remaining patients.
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DOSAGE/ANALYSIS/* PHARMACOKINETICS
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A. INGREDIENT NAME:

TINCTURE

B. Chemical Name:

C. Common Name:

Myrrh% Gum Myrrh

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

(Test Description) (Test Results)

pH 6.13

Specific Gravity .8352

Alcohol Content 87.23%

Color Brownish Red

Odor Aromatic___
Taste Bitter

E. Information about how the ingredient is supplied:

Brownish red clear volatile liquid, with balsamic-aromatic odor and bitter taste.

F. Information about recognition of the substance in foreign
pharmacopoeias:

Aust., Belg., Chil., Ger., Jap., Neth., Port., Span., and Swiss.

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Tian, J. and Shi, S. Constituents of essential oil of imported myrrh and gum opoponax.
Chung Kuo Chung Yao Chih, 1996; 21(4): 235-237,256.

H. Information about dosage forms used:

–- Liquid



- I. Information about strength:

2-5ml

J. Information about route of administration:

Apply to indolent ulcers, sore gums, sore mout~ and ulcerated sore throat. Administer
internally as a carminative and externally as a protective.

K Stability data:

L. Formulations:

See compound formula on page 458 to make 1000ml. Please see various lists of
formulations in the file.

M. Miscellaneous Information:

Page -2-
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Item Code: 06151

CERTIFICATE OF ANALYSIS

J #-%+7C
MYRRH GU?4TR NF XI 1:0.~ Lot #: 6-2049

.

TEST DESCRIPTION MINIMUM VALUE MAXIMUM VALUE TEST RESULT

=;mv,n :82
------ ------ ------ ------- ------ ------ ------- ----

2 L
------

6.5
.87

ALCOHOL CONTENT 83% 88% D
COLOR BROWNISH RED

Q!!!+

BALSAMIC/ AROMATIC
BITTER

6.13
.8352
87.23%

>

BROWNISH RED
AROMATIC
BITTER

---

i

. ------

/

./
. .



~—. QUALITY CONTROL REPORT

l’+ CHEMICAL NAME .: MYRRH GUM TINCTURE NF

MANUFACTURE LOT NO. :6-2049

PHYSICAL TEST

SPECIFICATION ~sT sTmARD. :usP_/BP_@RcK_ /NF_/MART. _/CO. SPECS ._.

l)DESCRIPTION .:

{ BROWNISH RED CLEAB VOLATILE LIQUID; WITH BALSAMIC-AROMATIC ODOR

F
AND BITTER TASTE.

2)SOLUBILITY .:
INSOLUBLE IN WATER; MISCIBLE WITH ALCOHOL.

3)MELTING POINT.:
.-

4)SPECIFIC GRAVITY. :0.820-O.870.

5)IDENTIFICATION. :

A)A SOLUTION PH IS 5.5.

PASSES .: FAILS. :

COMMENTS.:

ANALYST SIGNA=. :
DATE. :

PREPACK TEST. : DATE. : INITIAL. :

RETEST .: DATE .: INITIAL. :

----
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ELI LILLY AND -- MYRRH TINCTURE, TTO059
--- MATERIAL SAFETY DATA SHEET

NSN: 650500 N066420
Manufacturer’s CAGE: 75602
Part No. Indicator: A
Part Number/Trade Name: MYRRH TINCTURE, TTO059
.........=..=.....r......=..==..=.=.....== ...............=.=.== ........== .=

General Information
.....=. .....=...=...=.=.....=.....=..==.....=..........===............=....

Company’s Name: ELI LILLY AND CO
Company’s Street: LILLY CORPORATE CENTER
Company’s City: INDIANAPOLIS
Company’s State: IN
Company’s Country: US
Company’s Zip Code: 46285
Company’s Emerg Ph #: 317-276-2000; 800-424-9300 (CHEMTREC)
Company’s Info Ph #: 317-276-2286
Record No. For Safety Entry: 001
Tot Safety Entries This Stk#: 001
Status: SW
Date MSDS Prepared: 23AUG90
Safety Data Review Date: 14DEC95
MSDS Serial Number: BZRXL
...=...=..=. ..== .=.. .=.. ==== =.== ....=..= ==.. .=.. .==. ....==.= ==== .==. .=.. ==.

Ingredients/Identity Information
................===. ...=. .......==. .==.= =.==. .==.= ====. ..=.= ====. =..-—---_—----.—-

Proprietary: NO
Ingredient: RESIN; (S.E. MYRRH) . LD50: (ORAL,MOUSE) 13.9 ML/KG.
Ingredient Sequence Number: 01
Percent: 6.6
NIOSH (RTECS) Number: 100025ORE
OSHA PEL: N/K (FP N)
ACGIH TLV: N/K (FP N)

.n. ---.-.-----.--—---—-----.-------—----
Proprietary: NO
Ingredient: ETHYL ALCOHOL; (ETHANOL). LD50:(oM,RAT) 6.9 ML/KG.
Ingredient Sequence Number: 02
Percent: 86
NIOSH (RTECS) Number: KQ6300000
cAS Number: 64-17-5
oSHA PEL: 1000 PPM
ACGIH TLV: 1000 PPM
____-.__---_--_-— --------------------
Proprietary: NO
Ingredient: FIRST AID PROC:DRINK 1-2 GLASSES OF WATER & GIVE 1-2 TBSPS OF
SYRUP OF IPECAC TO INDUCE VOMIT/GIVE ANYTHING BY (ING 4)
Ingredient Sequence Number: 03
NIOSH (RTECS) Number: 9999999ZZ
OSHA PEL: NOT APPLICABLE
ACGIH TLV: NOT APPLICABLE
_____________________________________

Proprietary: NO
Ingredient: ING 3:MOUTH TO AN UNCONSCIOUS PERSON. IMMEDIATELY TRANSPORT TO
MEDICAL CARE FACILITY & SEE MD.
Ingredient Sequence Number: 04
NIOSH (RTECS) Number: 9999999ZZ
OSHA PEL: NOT APPLICABLE
ACGIH TLV: NOT APPLICABLE
.=== ....==.= ==== =.=. ==== ==== ==== ==== ===. ==== ==== ==== ==== ==== ==== ==== ==== ===

Physical/Chemical Characteristics
-----------------------------------------------------------—-——--—-------—— ______________________________________________________—————---------—

Appearance And Odor: CLEAR, REDDISH-BROWN, HYDROALCOHOLIC SOLUTION; SWEET,
PUNGENT ODOR.
Vapor Pressure (MM Hg/70 F): SUPP DATA
Specific Gravity: 0.8344
Evaporation Rate And Ref: NOT APPLICABLE

.~= Volubility In Water: MISCIBLE
--—---— ------- .--——---—- =.==. .=.==. ...==....=....=......==.=..=..===.======————--—--—---—

Fire and Explosion Hazard Data
..=.=..=.= ..=.=.==. .......== ====..==== ========= ============================

Flash Point: 153F,67C



ELI I.IIJ,Y AND -- MYRRF1TINCTURE, TTO059

Flash Point Method: CC
Ext~nguish~ng Media: USE WATER, CO*2, DRY CHEMICAL,

.~ Special Fire Fighting Proc: USE NIOSH/MSHA APPROVED
EQUIPMENT (FP N).

FOAM
SCBA

OR HALON,
& FULL PROTECTIVE

Unusual Fire And Expl Hazrds: VAPORS ARE HEAVIER THAN AIR & MAY TRAVEL A
CONSIDERABLE DISTANCE TO SOURCE OF IGNITION & FLASH BACK. FLAMMABLE (FLASH
POINT BELOW 100F, 37.8C).
......=....=...=.....==..=.===. ....=.==.= ..=..==.===. ==..=.==.==.= ...==. ===

Reactivity Data
===== ....=..-————-———. =-———.- ==.-.-——- .-—--.--—--= .......=== ..=..=.-—--- ===

Stability: YES
Cond To Avoid (Stability) : STABLE AT NORMAL TEMPERATURES & PRESSURES.
Materials To Avoid: MAY REACT VIOLENTLY W/STRONG OXIDIZING AGENTS, STRONG

K ACIDS L BASES.
Hazardous Decomp Products: MAY EMIT TOXIC FUMES WHEN HEATED TG
DECOMPOSITION.
Hazardous Poly Occur: NO
Conditions To Avoid (Poly) : NOT RELEVANT
.=..= .........= ......==.. ...== =.==. =..== .............=. ..=== ==.== .==.. =.===

Health Hazard Data
...........==.= =..=. ====. ==..= ......===. .==.. =.==. =.=== ====. ==..= .....=.===

LD50-LC50 Mixture: SEE INGREDIENTS.
Route Of Entry - Inhalation: YES
Route Of Entry - Skin: YES
Route Of Entry - Ingestion: YES
Health Haz Acute And Chronic: NONE REPORTED, COMPONENTS MAY PRDCE SIGNS &
SYMPS AS INDICATED. ETHYL ALCOHOL:INH?U/INGEST OF LG VOLS MAY CAUSE IRRIT
OF RESP TRACT, DROW, NAUS, MUSCLE INCOORD, VISUAL IMPAIRMENT, SLOWED PXN
TIME, SENSORY. LOSS, SLURRING OF SPEECH, STUPOR/POSS COMA & DEATH. BASED ON
ANIMAL DATA, MAY BE IRRIT TO EYES & (EFTS OF OVEREXP)
Carcinogenicity - NTP: NO
Carcinogenicity - IARC: NO
Carcinogenicity - OSHA: NO
Explanation Carcinogenicity: NOT RELEVANT

.—–> Signs/Symptoms Of Overexp: HLTH HAZ:& SKIN. ANIMAL TOX:ACUTE: INGEST:ING
l:ATAXIA, SEV LETHARGY, DECR BRTHG, LABORED BRTHG, HYPOACTIVITY,
HYPERACTIVITY. ING Z:COMA, ATAXIA, LEG WEAK, REDUCED ACTIVITY,
CHROMODACRYORRHEA, CHROMORHINORRHEA, CLEAR OCULAR DISCHARGE, SALIVATION,
VOCALIZING. INHAL:ING 2:COIUWZAL OPACITY, ATAXIA, REDUCED ACTIVITY, (SUPDAT)
Med Cond Aggravated By Exp: ETHYL ALCOHOL – INGESTION, OF LARGE VOLUMES,
MAY AGGRAVATE CIRRHOSIS OF LIVER, HYPERSENSITIVITY TO ALCOHOL &
GASTROINTESTINAL ABNORMALITIES (PEPTIC ULCERS, GASTRITIS) .
Emergency/First Aid Proc: EYES:HOLD EYELIDS OPEN & FLUSH W/STEADY, GENTLE
STREAM OF WATER FOR AT LST 15 MINS. SEE OPHTHALMOLOGIST/MD IMMED.
SKIN:REMOVE CONTAM CLTHG & CLEAN BEFORE REUSE. WASH ALL EXPOS AREAS OF SKIN
W/PLENTY OF SOAP & WATER. GET MED ATTN IF IRRIT DEVELOPS. INHAL:MOVE
INDIVIDUAL TO FRESH AIR. IF NOT BRTHG, PROVIDE ARTF RESP ASSISTANCE (MOUTH-
TO-MOUTH) & CALL MD IMMED. INGEST:CALL MD/POIS CTL CTR. (ING 3)

---------------------------------------------------------==.== ...== .=.== .==---—----—— ----- -.-------—---------------------—---—------

Precautions for Safe Handling and Use
..==. .==== =.=.. .==.. .==== ==..= ..=== ===== ===== =.=== ===== =.=== ===== ===== =====

Steps If Matl Released/Spill: PREVENT FURTHER MIGRATION INTO ENVIRONMENT.
USE ABSORBENT/ADSORBENT MATERIAL TO SOLIDIFY LIQUIDS. SOLIDIFICATION MAY
NOT SUPPRESS VAPORS. DO NOT VACUUM LIQUIDS. WEAR PROTECTIVE EQUIPMENT,
INCLUDING EYE PROTECTION, TO AVOID EXPOSURE.
Neutralizing Agent: NONE SPECIFIED BY MANUFACTURER.
Waste Disposal Method: MATERIAL IS AN IGNITABLE WASTE UNDER RCRA
REGULATIONS . DISPOSE OF ANY CLEANUP MATERIALS k WASTE RESIDUE ACCORDING TO
APPLICABLE FEDERAL, STATE & LOCAL REGULATIONS.
Precautions-Handling/Storing: UNDER NORMAL USE & HANDLING CONDITIONS, NO
PROTECTIVE EQUIPMENT IS REQUIRED.
Other Precautions: NONE SPECIFIED BY MANUFACTURER.
---——--———---—-— =—-——— =--—--——-- ==== =.== ..=. ==.= =.=. ..=. .=.= .==. =.== .==. ==.-—-——--—-------—

Control Measures
=. = . . . =. ==. . . .= .=. =. .= =.=.=.==== .==.===== ..==.=== ============== ============
Respiratory Protection: NIOSH/MSHA APPROVED RESPIRATOR OR LABORATORY FUME
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HOOil. -
-----

Ventilation: LABORATORY FUME HOOD OR LOCAL EXHAUST VENTILATION.
Protective Gloves: IMPERVIOUS GLOVES.
Eye Protection: ANSI APPROVED CHEM WORKERS GOGGS (FP N) .
Other Protective Equipment: EYE WASH FOUNTAIN & DELUGE SHOWER WHICH MEET
ANSI DESIGN CRITERIA (FP N) . BODY COVERING TO PREVENT SKIN CONTACT.
Work Hygienic Practices: NONE SPECIFIED BY MANUFACTURER.
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Suppl . Safety & Health Data: VP: 2.3 LB/SQ IN. EFTS OF OVEREXP:LOC IRRIT.
SKIN/EYE:ING Z:RABBIT, IRRIT. CHRONIC:TARGET ORGAN EFTS:ING 2:CORNEAL DMG,

_— ING 2:TERAT0GENIC EFTS HAVE INCL GROWTH RETARDATION, IMpAIRED L~ING
ABILITY & EMBRYOTOXICITY.
.............== ...................= .....=..=. ..................== .........=

Transportation Data
.==.. .............=. ...== .=..= ...........=.== ..=.= .==== ===== ===== .—=========
=.=.. ..........=..=. .......==. ==.== ..............= =.==. ......=..= ==.=. ===..

Disposal Data
.-——---— ===== ===== =————--—-—--- ===== ———-- ===——-.-——---———--—-. ====——-----— .

.......=== ....= ..==. .==.. =.=.. ...=. .=.=. ==... ....= .....=..=. ..=.= =...= .==.=

Label Data
..=.= .......=.= =.=.= ...=. .....=.==. ...== =...= ===.. .=.== ===.= .=..= .==.= .==.=

Label Required: YES
Technical Review Date: 14DEC95
Label Date: 13NOV95
Label Status: G
Common Name: MYRRH TINCTURE, TTO059
Chronic Hazard: NO
Signal Word: WARNING!
Acute Health Hazard-Moderate: X
Contact Hazard-Slight: X
Fire Hazard-Moderate: X
Reactivity Hazard-Slight: X
Special Hazard Precautions: FLAMMABLE. MAY EMIT TOXIC FUMES WHEN HEATED TO
DECOMPOSITION. ACUTE:ETHYL ALCOHOL: IRRITATION RESPIRATORY TRACT,
DROWSINESS, NAUSEA, MUSCLE INCOORDINATION, VISUAL IMPAIRMENT, SLOWED
REACTION, SLURRED SPEECH, COMA & POSSIBLE DEATH. S.E MYRRH:ATAXIA, SEVERE
LETHARGY, DECREASED BREATHING, LABORED BREATHING, HYPO/HYPER ACTIVITY.
CHRONIC:NONE LISTED BY MANUFACTURER.
Protect Eye: Y
Protect Skin: Y
Protect Respiratory: Y
Label Name: ELI LILLY AND CO

.-,
Label Street: LILLY CORPORATE CENTER
Label City: INDIANAPOLIS
Label State: IN
Label Zip Code: 46285
Label Country: US
Label Emergency Number: 317-276-2000;800-424-9300 (CHEMTREC)

Page 3 of 3
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cyanate, or volatile mustard oil. This reaction takes
place at ordinary temperature, and explains the pun-
~~; odor and taste of aqueous mixtures of ground mus-

Description—The N. F. provides a description of UraUrormdand
Powdered Block i~uaturd andother.seeda or other fore@ organic matter
andtestsforPurttU.
AssaY—Acoaredy powdered aarople is macerated with waterwhereby
theeirdgrinishydrolyzed.The fiberatedaflylisotbiocyanatek dis-
tilled,withtheaid of alcohol, into a mixture of ammonia T.S. and
excess standard sdve~ uitrate solution. The estercombineswith
ammoniatoform thioemamine[ H 2NCSNHC ails Iwhich subsequently
decomposes to aUyl cyanamide and hydrogen sulfide, the silver
m“trate forming with the latter a precipitate of silver aultide. .4fter
61taring, a portion of the filtrate is aciddied with nitric acid and the
sUITIU5 et~dard eilver nitrate solution is me~ured by titration with
etrmdard ammonium thiocymrate, using ferric ammonium sulfate se
the indicator. See page 1458.

Uses—It is used as a condiment, stimulant, and
emetic; externally, it is rubefacient. When Brown
Mustard is prepared as a condiment by the addition of
vinegar,salt,and water,theproductisknown asGer-
man Prepared Mustard. Both white and black mustard=
are used in making homemade poultices. It is chieflyl
used as a counterirritant in the form of ‘{mustard
plasters,” made by mixing it with varying amounts of
wheat flour and adding sufficient tepid water to make a
paste. It is occasionally used as a gastric and intestinal
stimulant. It is an active, although unpleasant emetic,
in a usual dose of 10 Gm.

Dose-Usual, Emetic, IO Gm.
Veterinary Doses<arminative and stonwhicj Horses

and Cattle, 8 to 1S Gm.; Emetic, Dogs, 4 to 15Gm. in
warm water.

havingtheformulaCIJ31,0~and the latter C17H~aOs;
commiphorinic acid (believed to be present as the ester);
a- and ~-heerabomyrrolic an”ds; the resinphenolsa-and
fl-heerabomyrrhol; and heeraboresene.

The volatile oil contains up to 24 percentoftwo
sesquiterpenes, about 11 per cent of dipentene, d-limo-
nene, 1 per cent of pz”nene,0.2 per centofeugerwl, up to1
percentofcuminic aldehyde, cinnamic aldehyde, and up
to 1 per cent of m-cresol. Acetic, palmitic, and myrrholic
acids are presentasesters.
The gum presentinthedrughasbeenstatedtocon-

tain14percentofpentosans, 12 per cent of gakdan, a
considerable amount of xylan, some araban, and an
oxidizing enzyme.

Description—The N. F. provides a description of G’rruround and
Powdered .lf~rh and tests for Identificotimr andPurity.

Uses—Myrrh is used as a local stimulunt in diseases
of the mouth and as an application for sore ~gums. It

is administered internally as a carminatite and ex-
ternally as a protectiv~ The volatile oil is used in per-
fumes of the oriental type and as a fixative.

Myrrh Tincture N. F.

[Sp.Tinturade Mirra]

hi yrrh, in moderately coarse powder. . 200 Gm..—
To make . . . . . . . . . . . . . . . . . . . . . . . . 1000 ml.

Prepare a tincture by Procese M (page 375), using alcohol as
the menetruum.

Alcohol Content—From S3 to SS per cent of C2HSOH.
S torage-Preaerve in tight, Iight-resiatarrt containers, and avoid ex-

Mustard Plaster N. F. poeure to direct sunlight and to excessiveheat.

[Emplsstrum Sinapis; Mustard Paper; SP. Empl@o de Yfostaza] T Uses—A local stimulant application to indolent
Mustard Plaster is a uniform mixture of powdered ulc~41Wtt&s tie moum , and ulcerated sore throq.t.

black mustard, deprived of its tied oil, and a solution Dos*Usual, 2 m.
of a suitable adhesive. rmread on DaDer. cotton cloth. TL
or other suitable bac& materia~ ‘Ea~h 100 square =
centimeters of spread pbter contains not less than 2.5
Gm. of black mustard which has been dem-ived of its
fixed oil.

When moistened thoroughly with tepid water and
applied to the ski+, the Plaster produces a decided
warmth and reddening of the skin within 5 minutes.

Hot water would destroy the enzyme myrosin and
would not permit the development of the volatile
mustard oil to which the rubefacient action is due.

Storage—Preserve in well-closed containers, preferably ata tempera-
turenotabove35”.Protectitfromdirectsunlight.

Uses—A rubefw”ent. A common substituteforthe
manufacturedMustardPlastersisthemustard poultice
of the home, usually prepared by mixing equal parts of
ground mustard and flour} moistening with tepid water
to forma paste, and applying to the skin in a muslin bag.

Note-Before it is applied, Mustard Plaster should be
thoroughly moa”stenedwith @“d water.

MYRRH N. F.

[Gum Myrrh; Sp. Mirra]

Myrrh is the oleo-gum-resin obtained from Commi-
phora molmol Engler, Commiphora abyssinica (Berg)
Engler, or from other speci~s of Commiphora Jacquin
(Fare. Burseraceaj. Myrrh yields not less than30 per
centofalcohol-solubleextractive.
Constituents-Myrrhcontainsfrom27to50percent

ofres”n,from40to60percentofgum,from2.5to10per
centof volatile m“l,and a bitter principle. The resin
contains a-, D-, and T-commiphoric acids, the first two

PERUVIAN BALSAM N. F.
[Peru BaIaam; Balsam of Pem; Indian Balsam: Black Balsam; Sp.

Brilaa.mo Negro; Bdaamo del Perrl]

Peruvian Balsam is obtained from Myroxylon Pe-
reirz (R.oyle) Klotzsch (_Fam. Leguminos@.

Constituents-This Balsam contains from 60 to 64
per cent of a volatile oil termed cinnamein and from 20
to 28 per cent of resin. The higherthecontentofvola-
tileoil,thegreateristhe marketpriceof the drug.
Cinnameinisamixtureofnumerouscompounds,among
whichthefollowinghave been identified:the esters
benzyl beruoate, benzyl cinnamate, cinnamyl cinnamate
(styracz”n),and the alcohol perwviol (considered by some
authorities to be identical with the sesquiterpene alco-
hol n.erolidol, C ~SH2SO)as ester; free cinnamic acid;
about 0.05 per cent of vanillin; and a trace of coum.am”n.
The presence of the following compounds has also been
claimed: dihydroben.roic m-d, farnesol (a sesquiterpene
alcohol), styrol (phenylethyiene), and a phytosterol. The
resin consists of the benzoic and cinnamic acid esters
of the alcohol perurem”notannol, together with some free
cinnamic acid.

Description—Peruvian Balsam is a dark bro~, viscid liquid. It is
transparent and appears reddish brown in ttug layers. It has an
agreeable odor resembling varulla, a bltt,er, acrid @ate, with a per-
sistent after-taete, and is free from strmgnress or stlclriness. It does
not harden on exposure toair. Specific gravity1.150to1.170.The
N. F,providestestsforPuritv.

So2rdMifPThe Balsam ia nearly insoluble in water, but is soluble
in alcohol, in chloroform, and in glacial acetic acid, with not more
than an opalescence. It is only partly soluble in ether and in solvent
hexane.
Storag&Preeerve in tight containers and avoid exposure to excessive
heat.
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seconds was positive. a faint blue colour in 30 seconds was a trace, wsd
no colour was a negative result. The sensitivity of this test was equivalent
to the orthotolidine test (orthotolidine 400 mg in glaciai acetic ocid),
and the tablet test (Hematest).— R. H. Wilkinson and W. A. F. Penfold
(Ietter). Larsce(, iij1969, 847. Comment.–J, Runcie and T. J. Thomson
(letter), ibid.. 954. See also ibid.. i/1970, 819.

The guaiacum resin ond IY: orthotoiidine ~ests for occult blood in f~eees
produced a high number of false positive results in normal infants and
normal children eating a meat-containing diet. A modified reduced
phenolphthaIein !es[ gave no false positives but was insensitive to blood
dilutions below [ in 5000.—A. E. A. Ford-Jones and J. J. Cogswell.
Archs Dis. Child].. 1975, 50, 238.

PREPARATIONS

Ammorsiated Guaiacum Tincture (B. P.C. 1949). Tinct. Gtmiac. Ammon.
Macerate guaiacum resin 20 g with strong ammonia solution 7,5 ml and
alcohol (90°~) 70 ml for 48 hours; filter. and dissolve in the filtrate.
nutmeg oiI 0.3 ml and lemon oil 0.2 ml; pour sufficient alcohol (9W,:)
through the filter [o produce 100 mi. Dose: 2 to 4 ml,

Guaiacum Tincture (19.P.C. 1934). Tinct. Guaiac. I in 5 of guaiacum
resin: prepared by macerating with alcohol (90”:) for 48 hours and
filtering. Dose: 2 to 4 ml.

Guaiacum Wood (B, P. C’. [949). Guaiaci Lignum; Lignum Vitae: Bois
de Gaiac; Guajakholz. The heartwood of Guaiacum oficirrale and of
G. wrcwrr (Zygophyllaceae), containing [8 to 25”,: of guaiacum resin.
[t is the source of guaiacum resin and is an ingredient of compound
sarsaparillas deeoction.

Mastic (lI.P.C.). Mastiche; Miss[ix; Almaciga.

Foreign Phurmucopoeim: In AUSI,, Neth., Per/.. Span., and Swiss.

A resinous exudation from certain forms or varieties of Pisraciu

Ienfiscus (Anacardiaceae). Small, hard. yellowish tears with an
aromatic odour and agreeable taste, beeoming plasticwhen
chewed. M,p. 105’ to 120’.
Insoluble in water: pardy soluble in alcohol and turpentine
oil: soluble 2 in i of chloroform, 2 in I of ether, and in
acetone and benzene.

Uses.Solutions of mastic in alcohol, chloroform, or ether are
used. applied on cotton wool. as temporary fillings for carious
teeth. Compound Mastic Paint is used as a protective covering
for wounds and to hold gauze and radium needles in position,
PREPARATIONS

Compuund Mastic Paint (B, P.C,). Pigmentum Mas!iches Compositum:
Benzo-mastic; Mastic Solution, Mastic 40g, castor oil 1.25 ml. benzene,
nitration grade of commerce (BS 135/2: 1963}. to 100 ml. Store in a
cool place in an airtight container. This preparation is inflammable.
Keep away from an open flame.
Several foreign pharmacopoeias include similar preparations, usually
containing about 30°0 of mastic and wilh I to 2% of linseed oil
instead of castor oil.

Microscopic Varnish. Masuc 15 g, caoutchouc I g. chloroform 60 ml:
macerate and filter.

Myrrh (lJ.P.C.). Myrrhs; Gum MvI& ,L

;g AUSI., Be/g., Chi/,, Ger.. Jap., Nerh., Per/.,

An oieo-gum-resin obtained from the stem of Commiphora
molmoland possibly other species of Comrrriphora(Burseraceae).
Reddish-brown or reddish-yellow tears, with an aromatic odour
and a bitter acrid taste. It contains 25 to 40’~;,of resin, 57 to
6 l’~~,of gum, 7 to [7“~,of volatile oil, and a bitter pTinciple.
Soluble in water to the extent of about 50’j: (forms a yellowish
emulsion on trituration): partly soluble in alcohol; soluble in
alkalis. Store in a cool dry place.

astringent to mucous ~i.nQr.s is
-es for &jxQu_ tie mouth A@
outh it has a carminative action.

PREPARATION

1%$-%%%to,ml.
(l?. P.C.). Prepared by macerating myrrh 1 in 5 of alcohol

A similar tincture is included in severa[ foreign pharmacopoeias.

~’.
,!
:1
j .>

“!~.
.

Perrt Balsam (B, P,C.). Bals. Peruv.; Peruvian Balsam; Baume
du Perou: Baume du San Salvador.

1Foreign Phurmucopoeios; In ,Arg., AIIs/., Belg,. Bra:., Ch
Hung,, Jap., Jug., Me.Y.. Ne/h.. Nerd., Poi., Porl., ROU
SWISS.

A balsam exuded from the trunk of Mvroxvlon b~
pereirae (Leguminosae). It is a dark brown,’ visco~
an agreeable balsamic odour and it bitter, acrid, t
containing 49 to 6V’~of balsamic esters.
lrrsohtble ii water; miscible 1 in 1 of alcoh~
addition of more alcohol causing turbidity; soltd
form; partly soluble in ether, glacial acetic acj
petroleum. Water shaken with the balsam only re
of cinnamic acid. Wt per ml 1.14 to 1.17 g. ,:,

Toxic Effects. Peru balsam may cause skin sensiti!
ALLERGIC REACTION. of 4000 patients subjected to pati
European clinics 4.6”:, of males and 7.&: of females SI

Wses.Peru balsam has a very mild antiseptic act
of its content of cinnamic and benzoic acids. Di
equal part of castor oil. it has been used as an a
bedsores and chronic ulcers; as an ointment (12.
Oirttrnen[)it has ,been used in the treatment Of
prurltus. It IS an ingredient of some rectal Suppl
for the symptomatic relief of hemorrhoids.
Peru balsam was formerly used as an ointmen~
or with sulphur, in the treatment of scabies, bu
superseded for this purpose by benzyl benzoate. ~
PREPARATION +?

Ung. Bals. Peruv. Co. (B..V.F. 1957). Peru Balsam Corn&
Peru balsam 6. liquefied phenol 2. camphor 1. hydrot
yellow soft paraffin to [00.

%
Polyvissox. Vinylinum (Rus. P.): Polyvinylbutyi Ether:
Balsam. Poly(bu{yivinyl ether). C,,H,.O,(C.H,,0)”=:
Apale yellow. viscous liquid with a characteristic od~
about 0.9 g. Inaulubte in waler: sparingly soiuble h
methyi alcohol; miscible with acetone. chloroform, ether,
and vegetable oils.
A synthetic resin. developed in tbe USSR M a substitute’;
It is widely used in the USSR by e.xterrml applicu[ion. c

wounds and burns and various skin diseases. It is stf
bacteriostatic action and to promote tissue regeneration n
ation. It is also administered by mouth m the treotment
duodenal ulcers, gas[ritis. and colitis. Dose: 4 to 8 I
5 to 6 hours after the lam meai. ,..!

PROPRIETARY PREPARATION ‘%

Shostakovsky Balsam ( Mede.xporr, USSR: Leopold Cha’~
polyvinox. !1

,.

~<,
Sandarae (B, P.C. 1949). Sandamca: Gum Juniper, -j

A resin obtained by incision of the stem of Te(ra;
(Cuprcssaceae). Brittle pale yellow tears. which do not agg
chewed. with a siight]y terebinthinate odour and taste
160’. Ioaolubie in water: soluble in alcohoi, amyl aicol
partly soiuble in chloroform, carbon disul~hldc, and tun

teeth. It is used in pill varnishes and in industrial varnish

pill Vamisb. A solution of sandarac I in 2 of alcohol
quicker drying. iandarac I in a“mixture of alcohoi (95%)

%
Shellac (B.P. C. [963). Lacca: Lacca in Tabulis. ,.

Fort-ign Pharmacopoeias: In Span. Jap. includes Puri fit
White Shellac (bleached).

A resinous substance formed by a scale insect, ~
(Coccidae), which lives on the sap of the stem:
plants. Pale lemon-yellow to brownish-orange.,;
odour[ess, tasteless, hard, brittle scales. Irw!uhl
readily soluble in warm alcohol; almost <omp[etel]
alkali hydroxide solu[ions and borax solutions. ~

Uses. Shellac is used with cetostearvl alcohol ~



Myrrh-235

CATEGORY—Phal’21WCI?UtiC9] neceesity; in-
gredient of Aromatic Rhubarb Tincture, page
313.

MYRRH
Gum Myrrh

Myrrh is the oleo-gum-resin obtained from
Commiphora molmd Engler, Commiphma
abyminica (Berg)Engler,or fromother species
of Commiphora Jacquin (Fare.Burseracea).

Unground Myrrh-Unground Myrrh occurs in
rounded or irregular teara or masses of aggluti-
nated tears, moderate yellow to dark or reddish
brown, and more or lees covered with a lighter
colored, yellowish dust. The fracture is waxy,

~wieh or reddish brown, sometimes marked
ranular, conchoidal; internally, Myrrh is yel-

wit h nearly white spots or lines, oily and trans-
lucent at the edges. Its odor is baIaamic, aro-
matic, not terebinthinate, and ite taate is aro-
mntic, bitter, and acrid.

Powdered Myrrh is weak yellowish orange to
strong yeiIowish brown and consists of numerous
angular fragments of resin and gum, a few frag-
ments of lignified tissue, and a very few starch
grains.

Identiflcation—
A: To a portion of Myrrh add nitric acid: a

purpiish to violet color is produced.
B: Expose an ether solution of Myrrh to

bromine vanors: a reddish violet color is mo-
duced. -

C: Triturata about 1 Gm. of Myrrh with 5
ml. of water: a yellowish to yeflowiah brown
emulsion is reduced.

rAcid-inse uble ash, page 460-Myrrh yields
not more than 5 Der cent of acid-insoluble ash.

Alcohol-aelubl; extractive, page 462—Myrrh
yields not less than 30 per cent of alcohol-soluble
extractive.

CATEGORY-protective.

MyrrhTincture ~.
L--

CompoundMyrciaSpirit
Myrcia Oil . . . . . . . . . . . . . . . . . . ..-
Orange Oil . . . . . . . . . . . . . . . . . . . . .
Pfmenta Oil . . . . . . . . . . . . . . . . . . . .
Alcohol . . . . . . . . . . . . . . . . . . . . . . . .
Water, a sufficient quantity,

Tomake ...................

__.-.
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i, ‘+
TINCTURES ... ~-.

Tinctures are alcoholic or hydroalcobolic
solutions repared from animal or vegetable drugs
or from c%emical substances.

The Proportion of drug represmted in the
different tinctures is not uniform but varies
according to the established standards for each.
Tinctures of potent drugs essentially represent
the activity of 10 Gm. of the drug in each 100 ml.
of tincture. This conforms in principle to the
recommendation of the International Protocol
as adopted at Brussels, and with international

which are aeeayed ant! adjusted to standards.
standarda. In this grou are most of the tinctures

Most of the other tinctures represent 20 Gm.
of the respective drugs in each 100 ml. of tinc-
ture. Compound tinctures are made according to
Ion established formulas.

#he general proceeses to be employed for t.h~
manufacture of tinctures, unless otherwise
directed in the individual monographs, are as
follows:

Process P-Carefully mix the ground drug or
mixture of drugs with a sufficient quantity of the
prescribed menstmum to render it evenly and
distinctly damp, allow it to stand for 15 minutes.
transfer it to a suitable percolator, and pack the
drug firmIy. Pour on enough of the pre~cribed
menstruum to saturate the drug, cover the top
of the percolator, and when the liquid is about to

Tdrip from the percolator, close the Iower O&*w,’ ~

and allow the drug to macerate for 24 horny or Y
.2for the time specified in the monograph. If ‘no ~,

3=aY is directed, allow the percolation J& ‘:
proceed slowly, or at the specified rate, graduall ~.

!$adding sufficient menstruum to produce 1000 , q~:
of tincture, and mix thoroughly.

If an -y is directed, collect only 950 rnl.~.?
percolate; mix this thoroughly, and assay, ~ ,
portion of it as directed. Dilute the remain &!!
with such a quantity of the prescribed menstruti$$
as calculation from the assay indicates is neo&F2j%
sary to produce a tincture that conforms to the%
prescribed standard.

4

Mix well. The rate’ ‘“
flow of percolates is defined on page 428. ‘ ~ :
e Process M—Macerate the dru or rnixtu’m ~ &‘

%dru s in a container which can e closed, @.;~ -
3 $’m. ~mte[y warm place, with 750 MI. of :the ,$

4

reecnbed menatruum, agitating it frequen
!or3daysoruntil thesolublematterie dies.olv .
Transfer the mixture to a filter, and when mo$t~., .
the liquid has drained away, wash the residue on
the filter with a sufficient quantity of @i ~.
prescribed menstruum, combining the filtrs
to reduce 1000 ml. of tincture.

I

M+ .@’ ,;
pro uct well.

Packaging and Storage—Preserve Tin~t .,$ ‘{
in tight, ligh~resiatant containers and .aY.~ ;:!exposure to direct sunlight and to excemive ~ ,;j

--$’ .<s.,

Duect Titrations-Direct titration is the
treatmeut of a soluble substance, contained in
solution m a suitable vessel, with an appropriate
s~ndardized solution (the titmnt), the end point
being determined potentiometrically or visually
with the aid of a suitable indicator added at the,.

ap’!%%~~r$~~dded from a suitable buret and
is so chosen, with respect to its strength (nor-
mality) that the volume added is between 30 per
cent and 100 per cent of the rated capacity of the
buret. The end point is ap roached directly but

Ecautiously, and finally t e titrant is added
dropwise from the buret in order that the fil
drop added will not overrun the end point.
The quantityofthesubstancebeingtitrated
may be calculatedfromthevolumeandthe
normality factor of the titrant and the equivalence
factor for the substance tiven in the individual
monograph.

Residual Titrations-Certain National Forrnu-
Iary assays re uire the addition of a measured

Yvolume of a vo umetric solution, in excess of the
amount actually needed to react with the
abstance being assayed, the excess of this
solution then being titrated with a second volu-
metric solution. This constitutes a residual
titration and is known also as a “back titration.”
The quantity of the substance being titrated may
be calculated from the difference between the
volume of the volumetric solution originally
added and that consumed by the titrant in the
back titration, due allowance being made for the

titrations of some polyvalent cations”- @-
by use of rea ents with which the catio~~fi
complexes. T%e titration of the calciu x
this means is particularly advanta@@@
comparison to the oxalate precipitation. me&l
heretofore used for National Formu~w~Yy
poses. The success of complexometry dep@
in large measure upon the indicator ch~
Often, no single indicator is entirely eatisfac@3
Thus a combination of two indicatom msfi$
specified where the complexometnc methw!
app!ied~mthis National Formulary. ‘%

Tltratlon in Nonaqueous Solvents—Aci~ I
bases have long been defined as subsw
whichfurnish,.when diesolvedinwater, h@~
and hydroxyl Ions, respectively. This d:fi~

I

,
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!.,..,THEPHARMACOP~OF l’KE ‘.

which the oik have been dissolved, and two hundred and jifty mi.k
‘4

Water. Complete the preparation with a mixture of three voluw U
alcohol and one voluw of water.

AVERAGE DosE—NfettiC,2 mils—Apothectiw, 30 minims.
.

1

TINCTTJRA LINIOMS CORqIIcIS :

Tincture of Lemon Peel

Tr. Limon. COrt,

!LEMONPEEL, grated from the fresh ftit, $Ve hundred .’
gramnw.. . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . 500 Grn%
To make one thousand mtz~litms . . . . . . . . . . 1000 ad

$

I?repmea Tinctureby T’ypeProcessM (seepage M5), maceratin”
the drug in one thousand rni?s of aIcoholandcompletbgthepreparation>
withalcohol.Usepurifiedcottonasthe~tefigm~~.

3I
,.,--.,.. TINCTURA LOBELIm

Tinctwe of Lobelia
Tr. LobeI.—Lobe& tinctura P.L.-

.:,.,
1

LOBELIA, in No. 50 powder, one hundred gramms. . . . . . . 100 Gm.;.

t
i ;,”:;,‘,. To make one thousand millilitis . .~,!::. . . . . . . . . RGG!i$@~”

4
Prepare a Tincture by Type Procew P (see page 444), using dduted

#y ‘ “ aIcohol x the menstruu.
w~.‘.

:1ATCERAGE DoSE-Metfic, 1 ti-ApOtheC~eS, 15-,. ‘j

TNC~A MOSCIU

Tincture of Musk
~~:t+. :,

Tr. MOSCL

!?
.,+<-”.,

+ ‘,;.jj ./~usK, $ve PamWs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,r::
ALcoHo~,forty-jive rnillilitis . . . . . . . . . . . . . . 5 Gml

~~’;.‘; ; -
R~$..;:,

: 45&
WA~R, ftiy-jve millilitis . . . . . . . . . . . . ““””””””””” ~5&

&;f;;’ . . . . . . . . . . . . . . .Dmrrm ALCOHOL,a suj%ie-ntquantity,
}1

,“?.‘,.
y:~,;: ‘To make one hundred nhillili~s. . . . . . . . . . . =;

‘lMtmate the m~k with the water gradutiy added untfi a smooth!
mixture is obtained; transfer this to a bottie and ~OW the time ~“

~:,,: . .c.; . macerati for twenty-few hours; then add the alcohol and macerate t.h~



To make one thousand milliliters . . . . . . . . . . 1000 roils

Prepare a Tincture by Type Process M (see page 445), using alcohol
ss the solvent.

AVERAGEDosE—Metric, 1 rnil-Apothecaries, 15 minims.

TINCTURA NUCIS VOMICif3
Tincture of Nux Vomica

Tr. Nut. Vom.-Strychni tinctura P.I.

One lnnuired mib of Tincture of Nux Vomica yields not Iess than
0.237 Gm. nor more than 0.263 Gm. of the alkaloids of rmx vomica.

Nmx VOMICA, in No. 40 powder, one hundred grammes. . . ‘1OOGm.

To make about one thousand mdliliters . . . . . 1000 roils

Prepare a Tincture by Type Process P, as modified for assayed tinc-
tures (see page 444), using a mixture of three volumes of alcohol and orw
volume of water as the menstruum and adjusting the volume of the
finished Tincture so that each one hundred mds contains 0.25 Gm. of
the af~loids of nux vomica. The rate of flow for the percolate should

not exceed ten drops per minute.
Asssy-Evaporate 100 mile of Tincture of Nux Vom& on a water bath until

it measures about 10 roils, transfer the evaporated liquid to a separator, and
proceed m directed in the may under Fluide@-acturn Beltimz Radi&
Daze 178. second line of the Assay, beginning mth the words “add 10 tit’;
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AUROTHIOMALIC ACID 55

Tryparaamide (B.P.). C8H,004N~sN%1v&@= 305”1.It contains
25.1 to 25.5 per cent of arsenic, As, and 9.25 to 9+ ?er cent of mtmgen,
N, both calculated with reference to the subsrarxx&led at 105’;the lOSS
on drying is 2.5 to 3.5 per cent. That of the C-XP. eonrains arsenic
corresponding to 99 to the equivalent of Iol ~ cenr of anhydrom
trysxmamide, CJ-I@cNzAsNa, calculatd with r&rence to the dried
substance, determined by the U.s.p. method far ~ne the 10SSon
drying at 105” for 4 hours is 2.5 to 3.5 per cenr- That of rhe Fr. CX.

contains 24.4 to 24.9 per cent of arsenic, demn=kcd by rbe following

1 “-
25 per ;ent of gum. Purl
cent of alcohol (90 per CI
That of the N.F.-U.S.
(95 -

m’ calcuumca on me arsca
. .

diluted. It yields not more than 50 per cent of alcoho[ (9o per cent).

~ 6 to17~ermntofvolatile ofi, about40t064percentof resin, mdabout
insoIubIe matter and not more than 15 per cent of ash. It contains about

e tear asafetida usually contains from 65 to 75 per
ent)-soluble substances and 3 to 5 per cent of ash.
A. yields on continuous extraction with alcohol

5 per cent) not less than 50 per cent of alcohol-soluble extractive,
,–--,-.-> -—-’- ‘-’ -” drug, the moisture having been determined by

aseotropic distillation with toluene, and not more than 15 per cent of
acid-insolubIe ash.method:

To shut 0+ g., acwateh wekhd ~SSOIV~ ~ ~~ OILq--, U >ml-of hydm-
cfdotic acid and 12.5 g. of potassium iodide, heat 00 a _:Z+S xbr20 mmutes, allow so
COOI,and titrate ~th N/10 ~i~ thi~ulp~te UIS~.~ -- my c2C.% add
earefidly alwuc 10 g. of sodium bicarlwnste, and urmre ~ >,10 bdine. Each ml. of
N/10 iodine is equivalent to 0.003745 g. of SI’S~C. -k i—.

Injection of Tryparsamide (B.P.). In the sided container is dry
nnwder cnntainimr arsenic. As, equivalent so 224 m 28.0 per cent, and n~:.. —----------. —.- ,. ..0 J-,’._ -<l-r --- — 4-4.. && .?7wi*,.* nt 9
rutmgen, N, equwalent to OAJ to LU. J pcA — _ ---- . . . . . . . .-

trypamsmide, determined by the B.P. metbad b uypamnu de.
.----” iMaine. AsH._ t t w

ETERMINAllON OF ARS= = ~ d scientific and
ldDw%%%N-% L?d3et, ‘Methods for the Det_ dT~ Gaes in Indusw, No. 9’
(KM. Stationery Office)SNW details of a medmd fort?ss of srsias in air IIYwhich
a quantity of sir is passed through lead acetate p~.(m akc+I hjdqxmn sul Fade) andRthen through mercuric chloride sper. The mn=v ~ _ E ~ W t e n~b?r

1“of strokes of - -,--” {~--+~ In tie Ieaffer)W- == _ m -e be mer~c
chloride papc

The Lovib tieinair by the
method desc, ,... -w... . .=------ -- Ietbods’,
%4 Wn Tintometer Ltd.. Sahsbm, 1953, p. 161-

‘ I
--- -—., -—--—––

. . . . nmwAm. M&ycases of poisoning dQ m UbZPSS ~-$ -xc
eporred, and one has been recorded * * ~ ~ ~

i)---- T- ---x-y instance the walls wae &mp ds bn bsms own that t
!,. . . *h. m-tin” “f mmlsd S!Nm-d8d rhe formation of m

-... “.
Igy--’:tr re Imsad of coke

d c&u,ca...,..: -t- he

lx Of =SISIC 1s ,du. .. . ... . . . . .. -- -..—. _ ub-
Stil srsmes, of whsch the ~me~yi-, *M ==f ~~= sre he -t
tipo~t. m=e gm= wwss I strong odoar of *.+ x h= b-s suaacst~ that tie
&~&sc:tof tmnethykarmne by the gmv.’thof,P~_amd%m wbicb

added a smdf wantity of *C mat~ ~ be ~ IS ss ~Iu~ Ss ~

BIOLOCXCAL ~. The add~tiop ofs substqsm c~~ a-tr%zd -C to s IiMWiIU

culture of a Ptndlium cauaea us s few nunatss = of qsine which can bs
d&;t&d hy the smelk O.000WJ1g. of AS CSIIbe ~~ _ ~ff. ~$t. ~~r=.

T& .- ...”----- -—----. —----- -

1
DFSVRMINATION OF ORGANIC ~m. * * ~.- ‘Md u. *.Y

decomposed is lewisite and = MS may bC im~ ~ ~ W@ ~= uW@ lt *
newsasry to break dovm rhe contaminated rr@msI bra
verts ths arsenic to the arsenic+ Condlbo
other process before the arsestsc can be det~ or M? mimmal u-c p—.

4

““ on, whi@l

AsAFEnm
A=sf-t:d= (R.P.C. 19491. It is the o- :.1obtained fmm the

li~~r~~~m;-~d ‘root of ,Ferulaf=~ ~ F. ndmkml+ Boiss., 01
other spec;”” mf F~J~- It =W be ld~ ~ by *e bright r~ os
reddish-b:
with Sulpl..
water, (u) WY...- S.-
i. +nm-hed with nitri

- ------ —-----.
l~o”&”>olour produced when &e a- @ace ‘k touched—
huric acid, ch-anging to violet* t& acid is washed OH”mt
i L.. A.. -qen COIOM p~uCSXI dSCO the fie+ broken surfaec

.“ -------- ---- ——ic acid (50 per cent rj’v~ A (i.@by the blue fluores:
cence produced when asafetida ia boikl for some minutes with hycb
01..lm.ifi Ad mIrl the solution made abbe mitb ammonia solution and

.82° to 84°at10 mm., is o ticafly active and i-usASAFmWAOm. T&main fracticm, b.~ ~
a compmmon corresponding to CH,. H,, CH CHJ .S. S. CHC#.CH,.-C. ?&nnich
aod P. Frensem”ua,.4rc.k Pkarm., Bd., 1936,27 , 461, per Qaart. J. Phann., 1936, 9, 710.

Myrrh (B.P.C.). It contains at [east 7.0 per cent v/w of volatile oil.
That of the N.F.-U.S.A. yie[ds not more than 5 per cent of acid-insoIuble
ash and at least 30 per cent of alcohol (95 per cent) -soluble extractive.

AUROTHIOMALIC ACID
Sodium Aurothiomalate (B.P.). It contains 44.5 to 46.0 per cent of

gold, Au, determined g~avimetncally, and 10.8 to 11.3 Der cent of
sodium, Na, determine ..

calculated wit. -. .

Lun

1
gel,:, MJ, eqwvment to... .

ea grawmetncally as sodium sulphate, both
th reterence to the dried substance; the loss on drying over

phosphorus pentoxide under reduced pressure for 24 houm is not more
‘Lan 2.0 per cent.

Injection of Sodium Awothiorndate (B#.). This solution contains
,,, .– ... 42.3 to 48.3 per cent of the stated amount of

aoasum aurormomasate, determined gravimetrically as gold, Au.

Sodium Aurothioadphate (B.P.C. 1949). Na,Au(S20a)t,2HzO=
526.5. It may be identified by add~?g 2 drops of sodium hydroxide
solutioh and 3 ml. ~~ hydroge
solution, whe. .

m peromde solution to 3 ml. of a 1 per cent
:n a im.se coiour and a deposit of li.nely divided gold is

I
proaucett. It contains37.0 to 37.6 per cent of gold, Au, determined by the
L.11-L--—..L _ . .LU””wu,g I,,CUIUI.L

D&olve 0.8 g. iss SOd. of water
h~- peroxide solutiory boil to acwmpow
mtb hydrochloric acid md slfow the precipir --
with boifing water, .Iry, ignite, and weigh dre rewaue of go[d, Au. - “‘ ‘-.

. and add IOmf. of N/1 sodium hydroxide and 10 ml. of_ .-. -——... the excess of h drmgen peroxide, acidify
J\IBCeof metallic sol to mamdace: fifter. wash. .

BARBITONE
Barbitone (B.

has a m.p. of 189- to IYi
Dierrs&m, P.Dm.
mined by Kjeldahl metht
lent to 000921 g. of CBH, tf_)$N,.An official me’kod for the dete=i~~ti;n
of barbitone is degcribed in the A.0.A.C. ‘Official Methods of Analysis’,
P. 590. The method is similar to that of the U.S.P. for BarbitaI Tablets
(see Under T”’ .- . . ___

~+.). C8HI*0,NZ= 184.2. No assayis described, but it
- ‘2°. Barbitaf, U.S.P., has a m.p.of Ig8° to 1920.

.>contains 98.3 to 100.4 per cent of barbitone, deter.
‘ od~~ch ml. of N/10 hvdrochlonc acid is ectuiva.

amets ox ~artmtone, p. >“i~ except that the preliminary
h ether is omitted and, to assist in removing the last trac~ of
Id to obtain a crystalline residue, the residue is repeatedly

~olvea KSz to 3 ml. of ether and the solvent removed. The purity of the
>;,4..- :. -L --t.-> L-. >etermining its m.p.-.,.” .../ ---- —-— ---- --



l?!!
TITLE:

AUTHOR:

AUTHOR
AFFILIATION:

SOURCE:

NLM CIT. ID:

ABSTRACT:

—

MAIN MESH
SUBJECTS:

ADDITIONAL
MESH SUBJECTS:

PUBLICATION
TYPES:

LANGUAGE:

REGISTRY
NUMBERS:

[Constituents of essential oil of imported myrrh and gum opoponax] ~

Tian & Shi S

National Institute for the Control of Pharmaceutical and Biological G“

Products, Beijing.

Chung Kuo Chung Yao Tsa Chih 1996 Apr;21(4):235-7, 256

97352277

The constituents of essential oil in two kinds of Myrrha were analyzed by
GC-MS. Fifteen compounds in Myrrh and thirty-three compounds in
Gum opoponax were identified with their percent contents given. The
main constituent of Myrrh is furanoeudesma-l,3-diene, and the main
constituent of Gum opoponax is beta-trans-ocimene.

Drugs, Chinese Herbal/* CHEMISTRY/CLASSIFICATION
Oils, Volatile/CHEMISTRY/*ISOLATION & PURIF

Comparative Study
English Abstract
Mass Fragmentography
Support, Non-U.S. Gov’t

JOURNAL ARTICLE

Chi

O(Drugs, Chinese Herbal)
O(Oils, Volatile)

Iofl 5/5/98 12:01 PM



.
~. INGREDIENT NAME:

PE NTYLE NE TETRAZOLE

B. Chemical Name:

1,5-Pentamethylenetetrazole, 6,7,8,9-Tetrahydro-5H-tetrazoloazepine

C. Common Name:

Leptazol Injection Giazol, Angiotoq Angiotoniq Cardiazol, Cardiazole, Cardfortaq
Cardiol, Cardiotonicu~ Cardosal, Cordosa~ Cenalene-M, Cenazol, Centrazole, Cerebro-
NlciA Coranormal, Coranormol, Corasol, Coratoline, Corazol, Corazole, Corazole
(Analeptic) Corisan, Corsedrol, Cortis, Conmsol, Corvis, Coryvet.

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

(kfinimum) (Resuslt)
Assay 98% 99.80’%

E. Information about how the ingredient is supplied:

White crystals, slightly pungent and bitter, very stable, not easily attacked by other
substances.

F. Information about recognition of the substance in foreign
pharmacopoeias:

Aust., Cz., Hung., It., Arg., Belg., Br., Eur., Fr., Ger., Hung., Ind., Int., It., Jug., Mex.,
Neth., Nerd., Pol., Port., Rus., Span., Swiss,, and Turk.

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Ju~ H. W. Absorption and Fate. J Pharm. Sci., 1975;64: 1843.

–-.

Khazi, I. A., Mahajanshetti, C. S., and Gadad A. K. Pentylene tetrazole induced
convulsions. Arzneimitte~orschung, 1996;46(10):949-952.



Erol, D. D., Calis, U., and Demirdamar, R. Pentylene tetrazole-induced seizures in mice.
L Pharm. Sci. 1995; 84(4):462-465

H. Information about dosage forms used:

Orally
Injection

I. Information about strength:

100-200mg

J. Information about route of administration:

Given by mouth

K Stability data:

Melts at about 57-60°

.—. L Formulations:

Leptazol is a sterile solution of pentetrazol 10’%and sodium phosphate 0.25% in water for
injections, adjusted to pH 7.8 with dilute hydrochloric acid or potassium hydroxide
solution.

M. Miscellaneous Information:

.—==.
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.—s QUALITY CONTROL REPORT

CHEMICAL NAME. :PENTYLENETETRAZOLE

MANUFAC= LOT NO. :MJ0251

PHYSICAL TEST

“USP_/BP_/MERCK_/NF_/-T . _/co . s~cs “_.SPECIFICATION TEST STANDARD. .

E
1) DESCRIPTION. :

WHITE CRYSTALS, SLIGHTLY PUNGENT AND BITTER; VERY STABLE, NOT EASILY
ATTACKED BY OTHER SUBSTANCES.

2)SOLUBILITY .:
FREELY SOLUBLE IN WATER AND IN MOST ORGANIC SOLVENTS. SLIGHTLY SOLUBLE
IN ALCOHOL.

3)MELTING POINT.:

‘k
MELTS AT ABOUT 57-60 DEGREES.=— —.

4)sPEcIrIc GF+VITY. :

5)IDENTIFICATION .:

PASSES .:

COhQ4ENTS.:

FAILS .:

ANALYST SIGNATURE. : DATE .:

PREPACK TEST.: DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :

..-.

—
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------------------ IDENTIFICATION -------------------
PRODUCT #: P720-7 NAME: 1,5-PENTAMETHYLENETETRAZOLE, 98%

CAS #: 54-95-5
MF: C6H1ON4

SYNONYMS
ANGIAZOL * ANGIOTON * ANGIOTONIN * CARDIAZOL * CARDIAZOLE *—.. —
CARDIFORTAN * CARDIOL * c~IoTo~c ~ * c~os~ * &3RDosAN *

~ * ~F~L * cFNT~T F * ~F~ * c o~(-j U*

CORANORMOL * CORASOL * CORATOLINE * CORAZOL * CORAZOLE *
CORAZQLJZ

(ANALEPTIC) * CORISAN * CORSEDROL * CORTIS * CORVASOL * CORYIS *

CORYVET * ALPmBETA-CYCLOPENTAMETHYLENETETRAZOLE “
DEAMOCARD *

DELZOL-W * DIOVASCOLE * DEUMACARD * GEWAZOL * KARDIAZOL *
KORAZOL *

KORAZOLE * LEPAZOL * LEPTAZOL * LEPTAZOLE * METRAZOL * METRAZOLE *

NAURANZOL * NAUR4ZOL * NEDCARDOL * NEOCARDOL * NEURAZOL * NOVO
coIL4-

.- VTNCO * OPTICOR * PEMETESAN * PENETRASOL * PENETRATSOL * PENETTAZOL
*

PENTACARD * PENTACOR * PENTAMETHAZOL * PENTAMETHAZOLUM *

PENTAMETHYLENETETR4ZAL * PENTAMETHYLENETETR4ZOL *
PENTAMETHYLENETETRAZOLE * PENTAMETHYLENE- 1,5-TETRAZOLE * 1,5-

PENTAMETHYLENETETRAZOLE * PENTAMETILENTETR4ZOL0 (ITALIAN) *
PENTAZOL *

PENTAZOLUM * PENTEMESAN * PENTETRAZOL * PENTETRAZOLE *
PENTIL4ZOL *

PENTROLONE * PENTROZOL * PENTYLENETETRAZOL * PENTYLENETETRAZOLE
*

PETAZOL * PETEZOL * PETRAZOLE * PHRENAZOL * PHRENAZONE * PMT * PTZ *

STELLACARDIOL * STJLLCARDIOL * TETRACOR * 6,7,8,9-TETRAHYDRO-5-
AZEPOTETRAZOLE * 6,7,8,9-TETRAHYD RO-5H-TETRAZOLOAZEPINE * 7,8,9,10-

TETRAZABICYCLO(5 3.0)-8, 1O-DECADIENE * l,2,3,3A-TETRAZACYCLOHEPTA-8&

2-CYCLOPENTADIENE * TETRASOL * TETRAZOL * TETRAZOLE,
PENTAMETHYLENE- *

- 5H-TETRAZOLO(1,5 -A)AZEPINE, 6,7,8,9-TE TRAHYDRO- (8CI,9CI) * TT87 *
VASAZOL * VASOREX * VENTRAZOL * YETIL4ZOL *



.—=-
------------------ TOXICITY HAZARDS -------------------

RTECSNO XF8225000
5H-TETRAZOLOAZEPINE, 6,7,8,9 -TETRAHyDRO-

TOXICITY DATA
ORL-MAN LDLO: 147 MG/’KG 85DCAI 2,73,70
IVN-MAN LDLO 29 MG/KG 85DCAI 2,73,70

ORL-RAT LD50 140 MG/KG JPPMAB 13,244,61
IPR-RATLD5062 MG/KG TXAPA9 18,185,71
SCU-RAT LD50:85 MG/KG TXAPA9 18,185,71
IVN-RAT LD50:45 MG/KG AIPTAK 135,9,62
REC-RAT LD50:8 MG/KG AACRAT 46,395,67

ORL-MUS LD50:88 MG/’KG JPETAB 128,176,60
IPR-MUS LD50:55 MG/KG AIPTAK 123,419,60
SCU-MUS LD50:70 MG/KG BCFAAI 111,293,72
IVN-MUS LD50:3 1400 UG/’KG AIPTAK 103,146,55
PAR-MUS LD50:72 MG/KG ARZNAD 6,583,56
SCU-RBT LD50:76 MG/KG JAPMA8 29,2,40
IVN-RBT LD50:30 MG/KG PHTXA621 ,1,58
SCU-FRG LD50: 1600 MG/KG PLRCAT 1,7,69

REVIEWS, STANDARDS, AND REGULATIONS
NOHS 1974: HZD 84704; NIS 1; TNF 68; NOS 6; TNE 2770

.~. EPA TSCA CHEMICAL INVENTORY, JUNE 1990
TARGET ORGAN DATA

BRAIN AND COVERINGS (RECORDINGS FROM SPECIFIC AREAS OF CNS)
BEHAVIORAL (TREMOR)
BEHAVIORAL (CONVULSIONS OR EFFECT ON SEIZURE THRESHOLD)
BEHAVIORAL (EXCITEMENT)
BEHAVIORAL (MUSCLE CONTRACTION OR SPASTICITY)
LUNGS, THORAX OR RESPIRATION (OTHER CHANGES)
ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES

(RTECS)
DATA IS PRESENTED HERE SEE ACTUAL ENTRY IN RTECS FOR COMPLETE

INFORMATION
------------------ HEALTH HAZARD DATA -----------------

ACUTE EFFECTS
HARMFUL IF SWALLOWED, HWiALED, OR ABSORBED THROUGH SKIN.
MAY CAUSE IRRITATION
EXPOSURE CAN CAUSE:
CNS STIMULATION
CONVULSIONS
TARGET ORGAN(S)
CENTRAL NERVOUS SYSTEM

.~. FIRST AID
TN CASE OF CONTACT, 1MMEDIATEL% FLUSH EYES OR SKIN WITH COPIOUS



_=—=
CHEMICAL iNC~ERATOR EQUIPPED WITH AN .AFTERBURNER AND SCRUBBER

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

WEAR APPROPRIATE NIOSI-VMSHA-APPROVED RESPIRATOR,
CHEMICAL-RESISTANT

GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHTNG
SAFETY SHOWER AND EYE BATH
USE ONLY IN A CHEMICAL FUME HOOD
DO NOT BREATHE DUST
AVOID CONTACT WITH EYES, SKIN AND CLOTHING
AVOID PROLONGED OR REPEATED EXPOSURE
WASH THOROUGHLY AFTER HANDLING
TOXIC
KEEP TIGHTLY CLOSED
STORE IN A COOL DRY PLACE
TOXIC BY INHALATION, TNCONTACT WITH SKIN AND IF SWALLOWED
IF YOU FEEL UNWELL, SEEK MEDICAL ADVICE (SHOW THE LABEL WHERE

POSSIBLE)
WEAR SUITABLE PROTECTIVE CLOTH~G, GLOVES AND EYWFACE

- PROTECTION
TARGET ORGAN(S)
NERVES

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE



Modafinil/Phendimetrazine Tam-ate 1555

I
~fDexamphetamine Sulphate, p. 1547; howev-

;effects of over-stimulation and sympathomi-
$jactivity are considered to be less with
, j e: There have been reports of impaired liver
‘@t.m patients taking pemol ine; its use is con-

@cated in Datients with liver disorders. There
#so been rare or isolated re~ chores,
~&tria and neutropenia. #

~ Paranoid psychosis was t
@g pelrl.lj”. 75 [. 22s fng d

pt. of the drug, development q
[ syndrome. and inability tt

P.aird it was evident that the r
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~ ‘on growth. Results of a study in ?
mWggested that growth suppression ~~
‘S4 of prolonged treatment with cl!nicd

:moline a“d dav this effect nligh[ he dos!

~U3Kfer Dexamphemmine Sulphine, p. 1.W8.

i-year-old
t’s com-
pressive
bted de-

:ted m

...
~atitis uws fissccl=ied with pCIIKIIIIICm a 10-ye;
ver enzvmc \,:iIues fell ,0 “omaI afmr vmhdr,

ke wi~ lower doses did nm increase [he en,
gesting a toxic threshold. Close attention t[~he

function during the first few weeks of pemoline therapy was
considered essenriat and it was recommended thar serum en-
zymes should be measured at no less than every ! weeks for
the first 6 wteek$and then every other month
1. Anonymous ‘Hypcrk?ncsi<’ can have many causes.<ymploms.

JAMA 1975.232:1204-16,
2. Patter,on IF. Hcpa!ilis aswxtated wnh pemollnc. SourlI ,MedJ

19s4 77, 938.

Effects on muscle. See under Effects on the Nervous Sys-
tem, p.1555.

Effects on the nervous system. Chorecrathe:osis and
rbabdomyolysis developed in a patient following a marked
increase in intake of pemoline. 1 Abnomrrd movr!ments re-
sponded to diampanr.

For a discussion on central stimulants provoking Touretre’s
syndrome, w Dexanrphetamme Sulphate, p. 1548.
1, Briscw JG, cl .1. Pcmolme-mduced choreoathetosis and rhah.

domyolysis Mcd Toxicid 19S8: 3:72-6.

Effects on the prostate. Experience in one patient suggest-
ed that pemoline might adversely affec! the prostate gland or
interfere with tests for prosratic acid phosphaoise used in the
diagnosis of prosratic carcinoma. 1
I Lmdau W. de Girolaml E. Pemolinc and the pros!ale Lmcer

1986. i: 738,

Pharmacokinetics
Pemoline is readily absorbed from the .gastro-intes-
tinal tract. About 50’%is bound to plasma protein. 1[
is partially metabolised in the liver and excreted in
the urine as unchanged pemoline and metabolizes.

It has been suggested that magnesium hydroxide
might increase the absorption of pemoline. Pemcr-
line with magnesium hydroxide is known as magne-
sium pemoline.

References.
1, Vmrwulen NPE, tr al. Pharmacokineom or pcmobnc in plas-

ma. saliva and urine roliowmg oral admmwtra: ion. Br J Chn
Pharmucol 1979:8:459-63.

2 Salk F. et al Oral pcmolinc kmc!tm m hyperactive children.
Chn Phannacol Thcr 1985,37:606-9.

3. Collmr CP. tr al. Pcmohnc pharmacokinelfics and long verm
therapy m chlldrcn with aucntio. deficll disorder and hyprac.
tivl~y. CIin PiIarmacokmcI 19S5. IO: 2611-78

Uses and Administration
Pemoline has similar actions to dexamphetamine
(see p. 1548) and is used as an alternative to dexam-
phetamine or methylphenidate in the management
of hyperactivity disorders in children (see p.1544).
In the UK the initial dose by mouth in such children
is 20 m: each morning. increa..ed by 20 mg at week-
ly intervals to 60 m:. If no improvement occurs dte
dose can be gradually increased to a maximum of
120 mg each morning, In the USA 37.5 mg is given
each morning initially. increased gradually at week-
ly intervals by 18.75 mg: the usual range is 56.25 to
75 m: daily and the maximum recommended daily
dose is 112.5 mg.

Pemoline is also an ingredient of an oral prepara-
tion. also containing yohimbine hydrochloride and
methyltestosterone. which is given with the inten-
tion of managing failure ofsexualdesire and func-
tioning in males and females.

Pemoline has been given with magnesium hydrox-
ide (magnesium pemoline) in an attempt to increase
its absorption.

Preparations
Names of prepanmom are Ii$wdbclnw: delails are given m Pan 3.

Proprietary Preparations
Canud. Cylen. Ger Semoc Tradon, S.Afr: Dynalcrt: Sw,it:.
.Yimul: UK Vohul. USA Cvlcn.
Multi-ingredient preparations. GeK: Cephalo.Teknosal?;
Id. Deadyn: S.A.fr: Lemopes)c: Spain Neurncnrdin: UK: ~OW-
esk

Pentetrazol (1437-V)
Pentetrazol (BAN, rfNN).

~
ComzoL Lepmzol. Penmmethazol: I 5-Penrameth leneretra-
&e: Pemazol: Pentetrazolum, Pentyknetetrazol 6,789 Tet-
rahYdro-5H-terrazo loazemne.

I C6A,0FJ4= 13r3.’
I CAS – 54-95-5.

l——Pharmacopoetos. In Aust.,

.’

Cz.,
.

Hung., and k.

Pentetrazol is a central and respiratory stimulant
similar to doxapram hydrochloride (see p. 1550), It
has been used in respiratory depression but when
respiratory stimulants are indicated other agents are
generally preferred. It has also been included in
multi-ingredient preparations intended for the treat-
ment of respiratory-react disorders inchrding cough,
cardiovascular disorders including hypotension, and
for the treatment of pmritus.

Administration has been by m= and by injection.
— ti

Por@yria. Petnetrazol has been associated with acu~e at-
tacks of porphyria and is considered unsafe in patients with
acute porphyri~ ]

I ,&@Y MR, McCOll.KEL.,Porphvria:drug IiW G1.wpv: pnr.

Q

7“
phyr!a Research Uml, University of Glasgow. 1991.

.
Preparations

.

Nacrresofpreparauons arc listed below; deraits arc given in Part 3.

PrOprieearj Preparations
Spain: Cardiorapide.

Multi-ingredient pmpsrations. Fc D&intex-PenfazoIt; Ger:
CardarMrolt; Ja..ivifat; Poikilotont; Sympameardt; /14[.:Cti]a-
zol-Paracodha; Spain: Cardiorapide Efed; Espectona Compmi -
tum: Ftuidin [nfantilt,

Phenbutrazate Hydrochloride
(1485.y)

Phenbutrazme Hydrochloride (BANM).

Fenbutmzate Hydrochloride (rINNM); R-381. 2-(3-Methyl-2-
phenylmorphohno)edryl 2-phenylbutyrate hydrochloride.
C23H29N01,HCI = 403.9.

CAS — 4378-36-3 (phenbutmzate); 6474-85-7 (phen-
butrozate hydrochloride).

Phenbutrazate hydrochloride was formerly used as
an anorectic agent.

Phendimetrazine Tartrate (l486-I)

Phendimerrazine Tam-ate (BANM,rfNNM).
Phendimecrazine Acid Tam-ate; Phendimetmzine Bitaroate.
(+).3,4-Drrnethyl-2 -phenylmorpholine hydrogen rarrrme.

C12H17N0, C,H606 = 341.4.

CAS — 634-03-7 (phendimetrdzine); 7635-5 I-O
(phend!metrozme hydrochloride): 50-58-8 (phendimetro-

zme tortrate).

Phormacopoeios In US.

A white odoudess crystalline powder. Freely soluble in wa-
ter, sparingly soluble in warm alcobot; pracncally insoluble
in acetone, in chlomfonn, and in ether. A 2.5% solution in
water has a pH of 3 to 4. Store in airtight comainers.

Adverse Effects, Treatment, and Precau-
tions
As for Dexamphetamine Srslphate, p. 1547.

Pharmacokinetics
Phendimetrazine tartrate is readily absorbed from
the gastro-intestinal tract and is excreted in the
urine. partly unchanged and pdy as metabolizes,
including phenmetrazine.

Uses and Administration
Phendimetrazine tartrate is a sympathomimetic
agent with the actions of dexamphetamine (see
p.1548). h is used as an anorectic and is adminis-
tered by mouth as an adjunct to dietaJy measures in
the short-term treatment of moderate to severe obes-
ity. The use of adjuncts in the management of obes-
ity is discussed on p. 1544 where the use of stimulant
anorectics such as phendimetrazine is questioned.
The usual dose is 35 mg two or three times daily I
hour before meals, but doses should be individual-
ised and in some cases 17,5 mg twice daily may be
adequate; the dose shotdd not exceed 70 mg [hree
times daily. An alternative dose is 105 m: once dai-
ly in the morning as a sustained-release preparation.

Phendimetrazine hydrochloride is used similarly; it
is Siven by mouth in doses of 15 to 40 mg daily.

01 t denoles a prepmalion no lcmger activety

——.—. --.. .--—.. ... -’.,



368 Central and Respiratory Stimulants

1437-v

Pentetrazol (11.P., Eur. P.). Leptazol: Perwazol;
Pentamethazol: Pentylenetetrazol; Pentetrazolum;
Corazol; 1,5-Pentamethylenetetrazole. 6,7,8,9-
Tetrahydro-53f-tetrazoloazepine.
C6H,0N4= 138.2.

CAS — S4-95-S.

~ ~F;. Ger.. Hrsnz..
armacopoeias. 1n Arg., Aust.. Be[g., Br., Cz., Eur.,

// Ind.. Int., [t.. JuR,, Mex,, Neth.,

/“ ~;rd., PO/.. Por~., Rus., Span.. Swiss, ;nd Turk.

!

.!

Colouriess, almost odourless crystals or white
crystalline powder with a slightly pungent bitter
taste. M.p. 57° to 60°. soluble 1 in less than I
of water, of alcohol, and of chloroform, and 1 in
less than 4 of ethec soluble in carbon tetra-
chloride. A 107. solution in water has a pH of
5.5 to 7. A 4.91% solution is iao-osmotic with
serum. Solutions are sterilised by autoclaving or
by filtration, avoiding corttacc with metal. Protect
from light.
An aqueous solution of pentetrazol iao+amotic with
serum [4.9 1%) caused 100% haemolysis of erythrocyws
cultured in it for 45 minutes.— E. R. Hammarlund and
K. Pederaen-Bjergaard, J. phrrrm. Sci., 1961, SO, 24.

Pentetrazol in a mncentration of 1 to 3% inhibited the
growth of Escherichia co[i, Baciffus subti[is, Staphyl+
coccus aureus, and Pseudomonas aeru@roso. This sub
stantiated the statement in the B.P. 1958 that no bac-
tericide needed to be added to solutions for injeetion.—
R. J. Gilbert and A. D. Russell, P&zrm. J., 1963, 1.
Ill.

Adverse Effects. High dosage produces epilepti-
form convulsions, and overdosage may result in
respiratory depression.

Treatment of Adverse Effects. As for Niketham-
ide, p.367. If perttetrazol has been ingested the
stomach should be emptied by aspiration and
Iavage.

Precautions. Pentetrazol may provoke seizures in
patients with epilepsy or other convulsive disord-
ers.
Absorption and Fate. Pentetrazol is readily
absorbed after administration by mouth and by
injection. It is rapidly metabolised, chiefly in the
liver. About 75% of a parenteral dose has been
reported to be excreted in the urine.
Peak plasma eoncentrstiont of about Lg per ml were
obtained about 2 hours after a dose of 100 mg of pen-
tetrazol by mouth. The drug was excreted in the
urine.— W. R. Ebert et u{., J. pharnr. Sci., 1970, 59.
1409.
Plasma-pentetrazol concentrations in 3 patients, who
were taking the drug regularly, ranged from 1.45 to
3. I pg per ml when meaaured 1.25 to 5 hOurs after a
100-mg dose.— H. W. Jun et al., J. pharm. Sci., 1975,
64. 1843.

Uses. Pentetrazol is a respiratory stimulant with
actiona and uses similar to those of nikethamide
(seep.367).Ithasbeengiveninusualdosesof

‘“+
administeredsubcutaneously,intra-

muscuady, or intravenously.Pentetrazolhas
been employed in the elderly to alleviate the
symptoms of senility. For this purpose it has
been given by mouth in a dose of 1 2 m

ii -
usually in conjunction wit

. but its value haa not been substan-
tiated in trials.

Wnfira=-h=s=5F-~~~a=o=y
~an aid to the diagnosis of epilepsy. ,-.--’

_.—. ———--
Preparations

“b tazol ten (B.f. C. 1963). Inj. Leptazol. A sterile
-of pentetrazol 10% and acdi”m phosphate
0.25% in Water for tnjcctions, adjusted to pH 7.8 with
dilute hydrochloric acid or potassium hydroxide solution.
The addi!ion of a bactericide is unnecessary. Dose. 0.5

L
r: ~ ~~o 1 ml subcutancmtsly.

Proprietary Namesj-tj

\

Cardiazo[ (Knoll, Ger.; Medinsa, Spaiv Knoll, SwitzJ;
{ ;:
k:,:, Cardiorapide (Rupide, Spain): Metrazo[(Knoi/, USA).

~Jl,, ,[

4

..:+
‘!!{,

,,,.

‘:i’~ .
~ ;$ /, ,,

1438-g

Phenatine. N-(a-Methylphenethy l)nicotinamide
diphosphate; N-(a-Methylphenethy l)pyridine-3-arh-
oxamide diphoaphate.
C15H}6N20,2H3P0, =436.3.

CAS — 139-68-4 (base); 2964-23-O (diphosphate).

Pharmacopocfas. In Rus.

Odoudeas eolourleas crystals or white crystalline powder
with a bitter saline taste. Soluble in water snd alcohol;
practically insoluble in ether. A 5% solution in water
has a pH of 1,8 to 2.4.

Uses. Phenatine is claimed to stimulaie the central
nervous system in a similar way to dexamphetamine
without causing vawcmrstriction, It is also claimed that
it reduces blood pressure. In the USSR it has been
employed similarly to dexamphetamine as a central sti-
mulant; it has also been suggested in the treatment of
hypertension.

1439-q

Picrotoxht (J3.P. f963J. Picrotox.; Picrotoxinum; Coccu-
Iin.
C10H1.011=602.6.

CAS — 124-87~.

Pharmacopoeias. In Arg.. In!., It., Mex., Span.. Swiss,
and Turk.

An active principle from the seeds of Anamirta coccu[us
(-A, pasricrdata) (hfenispermaceae).
Odourlcaa, colourleas, flexible, shining prismatic crystals
or white or nearly white microcrystalline powder, with a
very bitter taste. M.p. about 199”.
SaIubleI in 350 of water, I in 35 of tilling water, I in
16 of alcohol. and 1 in 3 of boiling alcohol; soluble in
glacial acetic acid and solutions of acids and alkali
hydroxides; slightly soluble in chloroform and ether. A
saturated solution in water ia neutral to litmus. SOiu-
tiom are sterilised by aumclavirrg or by filtration.
protect from li8bt.
The potency of picrotoxin solutions diminished as the
pH increaasd above 7.— P. W. RamweO and J. E.
Shaw, J. Pharm. Phormac., 1962.14, 321.

Ad?erae Effaets srsd Tratment. As for Nikethamide,
p.367. As little as 20 mg may cause severe poisoning.

Uses. Picrotoxin is a respiratory stimulant with actions
and uses similar to those of nikethamide (P.367). Its
duration of effect ia brief.
It was formerly given in usual doses of 3 to 6 mg
intravenously.

1440-d

Pipnsdroi Hydrochloride (B.P.C. 1963). a-(2-Piper-

idyl)tcnzhydrol hydrochloridrx aa-Diphenyl-a-( 2-pi~r-
idy[)methanol hydrochloride.
C,, HZINO,HC1= 303.8.

CAS — 467-60-7 (pipradrol); 7!-78-3 (hydrochloride).

Odourleaa, tasteless, small white crystals or white or
almost white crystalline powder. M.p. about 290” with
decompmition. Soluble, 1 in 30 of water, 1 in 35 of
alcohol, 1 in 1000.of chloroform, and 1 in 8 of methyl
alcohol; practically insoluble in ether. A l% solution in
water has a pH of 5 to 7. Protect from light.

Adverse Effects. Pipradrol hydrochloride may cause
nausea, anorexia, aggravation of anxiety, hypercxcitabil-
ity, and insomnia. Epigastric discomfort, skin rash,
dizziness, and hallucinations have been reported.

Pracautiom. Pipradrol hydrochloride is contra-indicated
in endogenous depression, in agitated prepay chotic
patients, chores, paranoia, obsessional disorders, and
anxiety states, and in patients for whom ECT is indi-
cated,

Uaea. Pipradrol hydrochloride is a stimulant of the cen-
tral nervous system which was formerly given in usual
doses of 2 to 6 mg daily in fatigue and some depressive
states.

Proprietary Names
Detaril (L90M, ftai. /: Stimolag Fortis (Lagap. SWi/z.).

144!-n

4

,.

Cropropamide. NNDimethyl-2--- ‘
crotonamido)but yramide. ‘i
cl, H~4N~oj=24t3.3.

CAS — 633-47-6.

!

.

1442-h “+1.2
~.$Crotethamide. 2-( f4-Ethvicromna_

butyramide.
C,2H,ZNZO:=226.3.

1
J;

CAS — 6168-76-9.
,1
~:

1443-m

Prethcamide. G 5668. A u
parts by wt of cropropamide ati

CAS — 8015-51-8. ,.,:

Prethcamide is soluble in’ ~
ether.
*dveme Effwtg. ~ide.effec:$

paraesthesias, restlessness, rnr&
tremors, dyspnoea, and flus
Gastro-intestinal disturbaners,%
have aIso been reoorted. -’4

Precautions. Prethcamide s~~
care to patients with epilepsy:. Q

Uses. Prethcamide is a r&
which has been given in us~
three or four times daily in .,~
respiratory insufficiency in chr~
Ithas also been given intramor
intravenous injection, and by} 1

.!
sion..-
Proprietary Preparations ‘:3
Micoren (Geigy. UK). Prethcami~a~
of 400 mg. (Also available aa Miet
Neth., Switz.). ‘w

Other Proprietary Nrnntea ‘.
Micorc.ne (Be/g.J. .’1

‘w

1444-b

Proiintane Hydrochloride*

“., ,

CAS -– 493-92-5 (prolirrtaru);](

chloride).
- +,,.

A white odouriess powder .wttl
M.p. about 133°. So[uble in”~Wi
chloroform; practically insolu-~e ~

Adverse Effects and Preeatrti&
nausea, and tachycardia havr#’$
patients receiving prolintan<’,JJ,
with care in patients takktg trig!
inhibitors, and should not b%’g
with hyperthyroidism or epile~)$

Uses. Proiintane hydrochloride,,!,
stimulant of the central nervptt!
been given, in fatigue and .t?~,i
usually with vitamin supplerng,$
10 mg twice daily, with the .@
given not later than mid-aftem~
Proprietary Preparations ‘‘!

YVIlleacOn(Boehringer ingelheim~ UK.

%
in each S ml prolintane hydrochlOri
hydrochloride 1.67 mg, riboflavin; ,
salt) 1.36 mg, pyridoxine hydrocb@Y$
namidc 5 mg. and alcohol 12.2% w~l’:l?!~
water) and Tablets each containing W
chloride 10 mg, thiamine mono-nitrSete.5
3 mg, pyridoxinc hydrochloride }.

~15 mg, and ascorbic acid 50 mg. ~p:,
of appetite and mood. Dose. 10 ml of IK
twice daily; children 5 to 12 yeafi, ?.5$’

Other Proprietary Names >.,>-JJ

Promotil (Fr.}. to .*

, ,.
~
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Facilitati~n of pentylene tetrazole-kindled seizures by mild thyroid
hormone deficiencies.

Pacheco-Rosado J; Angeles-Lopez L

Department of Physiology Mauricio Russek Escuela Nacional de
Ciencias Biological, LP.N., Mexico, D.F.

Proc West Pharmacol Soc 1997; 40:75-7

98098613

Convulsants/*TOXICITY
Kindling (Neurology)/* PHYSIOLOGY
Pentylenetetrazole/* TOXICITY
Triiodothyronine/BLOOD/* DEFICIENCY

Animal
Dose-Response Relationship, Drug
Hypothyroidism/BLOOD
Male
Rats
Rats, Wistar
Support, Non-U.S. Gov’t
Time Factors

JOURNAL ARTICLE

Eng

O(Convulsants)
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ABSTRACT:
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MAIN MESH
SUBJECTS:

Synthesis, anticonvulsant and analgesic activities of some 6-substituted
imidazo(2,1-b)-1,3,4-thiadiazole2-sulfonamides and their 5-bromo
derivatives.

Khazi IA; Mahajanshetti CS; Gadad AK; Tarnalli AD; Sultanpur CM

Department of Chemistry, Kamatak University, Dharwad (India).

Amneimittelforschung 1996 0ct;46(10):949-52

97085798

A series of 6-substituted imidazo(2,1-b)-1,3,4-thiadiazole-2-sulfonamides
(V) were prepared by condensation of
2-amino-1,3,4-thiadiazole-5-sulfonamide (H) with an appropriate
2-bromo-ketone (HI). Bromination of V in glacial acetic acid gave the
corresponding 5-bromo derivatives (VI). Five selected compounds (15-18
and 28) were evaluated for their anticonvulsant and analgesic activities.
Compounds 15-17 showed maximum protection (83Yo) against ~en@lene
tetrazole induced convulsions and maximum electroshock induced seizures
while the standard phenobarbital sodium and phenytoin sodium showed
100°A protection, respectively. Compounds 15, 16 and 18 showed superior
analgesic activity to acetylsalicylic acid in rat caudal immersion test.

Analgesics/* CHEMICAL SYNTHESIS/PHARMACOLOGY/TOXICITY
Anticonvulsants/* CHEMICAL
SYNTHESI!YPHARMACOLOGYTI’OXICITY
Sulfonamides/* CHEMICAL SYNTHESIS/PHARMACOLOGY
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AUTHOR:
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ABSTRACT:
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Synthesis and biological activities of some 3,6-disubstituted
thiazo10[3,2-b] [l,2,4]triazoles.

Erol DD; Calis U; Demirdamar R; Yulug N; Ertan M

Hacettepe University, Faculty of Pharmacy, Pharmaceutical Chemistty
Department, Ankara, Turkey.

J Pharm Sci 1995 Apr;84(4):462-5

95356086

Some new 2,3-dihydro-3-hydroxy-6-phenyl-3-(4-substituted-
(phenylthiazo10 [3,2-b] [l,2,4]triazole derivatives were synthesized as
antifungal agents. After their structures were confirmed by microanalysis
and IR and NMR spectral analysis, their antifungal activities against
Candida albicans, Candida parapsilosis, Candida stellatoidea, and Candida
pseudotropicalis were investigated. Contrary to our expectations, all proved
to have poor antifungal activities. Because
2,4-dihydro-3H-l,2,4-triazol-3-ones are a new class of anticonvulsant
agents, a series of thiazolo[3,2-b] [l,2,4]triazoles was evaluated for
anticonvulsant activity and observed as potential anticonvulsant
candidates. All compounds examined exhibited activity against both
maximal electroshock and pentylene tetrazoleinduced seizures in mice.

Anticonvulsants/’CHEMIC= SYNTHESIWPHARMACOLOGY
Antifungal Agents/* CHEMICAL SYNTHESIWPHARMACOLOGY
Thiazoles/*CHEMICAL SYNTHESIWIWARMACOLOGY
Triazoles/*CHEMICAL SYNTHESIS/PHARMACOLOGY

Animal
Candida/DRUG EFFECTS
Convulsions/CHEMICALLY INDUCED/PREVENTION & CONTROL
Electroshock
Male
Mice
Microbial Sensitivity Tests
Pentylenetetrazole
Spectrophotometry, Infrared

JOURNAL ARTICLE

Eng

O(Anticonvulsants)
O(Antifungal Agents)
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0 (Triazoles)
54-95-5 (Pentylenetetrazole)
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A. INGREDIENT NAME:

PIRAC ETAM

B. Chemical Name:

l-Acetamido-2-Pyrrolidinone, Euvicor, Gabacet, Genogris, 2-Ketopyrrolidine-l -
Ylacetamide, Nootro~ Nootropii, Nootropyl, Normabraiq 2-Oxo-Pyrrolidine-Acetarnide,
2-Oxo-Pyrrolidin- l-Ylacetamide, Piracetq Pirazet~ Pirroxil, Pyracetaq Pyrarneq 2-
Pyrrolidininnoneacetamide, 2-Pyrrolidoneacetarnide, UCB 6215

C. Common Name:

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

ASstly: 99.27%

E. Information about how the ingredient is supplied:

White or almost white crystal powder

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Mondadori, C. Nootropics: Preclinical Results in the Light of Clinical Effects; Comparison
with Tacrine. Critical Reviews~ in Neurobiology, 1996; 10:357-370.

Tallal, U., Chase, C., and Russell, G. Calculation of the Efficacy of Piracetam in Treating
Information Processing, Reading, and Writing Disorders in Dyslexic Children.
International Journalpf Psychophysiology, 1986; 4:41-52.

_—-

Mindus, P., Cronholm, B., and Levander, S. E. Piracetam-induced improvement of mental
performance: a controlled study on normally aging individuals. Acts Psychiat. Stand,
1976; 54(2): 150-160.



—
Simeoq J., Waters, B., and Resniclq M. Effects of Piracetam in children with learning
disorders. Psychopharmacol.BuIl., 1980; 16:65-66.

Steginlq K. J., The clinical use of Piraceteq a new nootropic drug: the treatment of senile
involution. Arzneim-Forsch, 1972; 22:975-977.

Wdsher, C., Atkins, G., and Mansfield, P. Piracetam as an aid to learning in dyslexi~
prefifimuy report. Psychopharmacology. 1979; 65:107-109.

Wilsher, C., Atkins, G., and Mansfield, P. Effects of Piracetam on dyslexic’ readkg ability.
L Learn. Diwbili~. 1985; 18:19-25.

Mondadori, C., Petschke, F., and Htiusler, A, The Effects of Nootropics on Memory: new
Aspects for Basic Research. Phannacopsychiatry. 1989; 22:102-106.

YaI, V., Derzhiru~ L. P., and Mogilevskii, A. Piracetam-induced changes in the
functional activity of neurons as a possible mechanism for the effects of nootropic agents.
Neurosci Behav. Physiol., 1996; 26(6): 507-515.

Pepeu, G. and Spignoli, G. Nootropic drugs and brain cholinergic mechanisms. Prog.
NeuropsychophwnacoI BioI. P~chiatry. 1989; 13Suppl: S77-78.

___
Pilcl+ H. and Muller, W. E. Piracetam elevates muscarinic cholinergic receptor density in
the frontal cortex of aged but not of young mice. Psychopharmacology. 1988; 94(l): 74-
78.

De Deyq P. P., Reuc~ J. D., and Deberdt, W. Treatment of acute ischemic stroke with
Piracetam. Members of the Piracetam in Acute Stroke Study (PASS) Group. Stroke.
1997; 28(12): 2347-2352.

D1humi, M., Wllsher, C. R., and Blank, M. S. The effects of Piracetam in children with
dyslexia. L C1in Psychopharmacol. 1985; 5(5): 272-278.

Wilsher, C. R., Bennett, D., and Chase, C. H. Piracetam and dyslexia: effects on reading
tests. J Clin P.ychopharmacol. 1987; 7(4): 230-237.

Reisberg, B., Ferris, S. H., and Gershoq S. An overview of pharmacologic treatment of
cognitive decline in the aged. Am J Psychiatry. 1981; 138(5): 593-600.

Bartus, R. T., Dean, R. L., and Sherman, K. A. Profound effects of combining choline and
Piracetam on memory enhancement and cholinergic fi.mctionin aged rats. Neurobiol
Aging. 1981; 2(2): 105-111.

Page -2-



Buresov~ O. and Bures, J. Piracetam-induced facilitation of interhemispheric transfer of
visual information in rats. Psychopharmacoiogia. 1976; 46(l): 93-102.

Dimond, S. J., Scarnmell, R. E., and Pryce, I. G, Some effects of Piracetam (UCB 6215,
Nootropyl) on chronic schizophrenia. Psychopharmacology. 1979; 64(3): 341-348.

Dimond, S. J. and Brouwers, E. M. Increase in the power of human memory in normal
man through the use of drugs. Psychopharmacology. 1976; 49(3): 307-309.

Saq S. J,, David-Remacle, M., and Weyers, M. Piracetam facilities retrieval but does not
impair extinction of bar-pressing in rats. Pychopharmacolo~. 1979; 6 l(l): 71-75.

Brandao, F., Paula-Barbo+ M. M., and Cadete-Leite, A. Piracetam impedes neuronal
loss withdrawal after chronic alcohol intake. Alcohol. 1995; 12(3): 279-288.

Mindus, P., Cronhol~ B., and Levander, S. E. Does Piracetarn counteract the ECT-
induced memory dysfimctions in depressed patients? Acts Psychiatr. Stand 1975; 52(5):
319-326.

Mondadoori, C., Classen. W., and Borkowski, J. Effects of oxiracetam on learning
memory in animals: comparison with piracetarn. C/in Neuropharmacol. 1986; 9 Suppl 3
S27-38.——

Song, C., Earley, B., and Leonard, B. E. Effect of chronic treatment with piracetarn and
tacrine on some changes caused by thymectomy in the rat brain. Pharmacol Biochem.
Behav. 1997; 56(4): 697-704.

H. Information about dosage forms used:

Patients received either 3.3 g of Plracetam daily or matching placebo syrup. Each dose of
test medication was 5 ml. administered before breakfast and again before the evening
meal, A 5 ml dose of active medication contained 1.65 g of Piracetam. No dosage
adjustments were allowed. The patient’s parents were contacted to review dosage
instructions and to determine whether any adverse effects had been observed.

I. Information about strength:

__—_

1.65 g-3.3 g

J. Information about route of administration:

Orally

.

Page -3-
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IL Stability data:

L. Formulations:

M. Miscellaneous Information:

See File
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Coa No: 7777

CERTIFICATE OF ANALYSJS

Batch lVo: 96120006

Appearance
Identification
Meking Point
Clarity of Solution
Heavy Metals
Residue on lgnitio~
Loss on Drying

s

Conclusion:

~
.
,

-~ Manufactig Date: Dee-3, 199

Testing Result

~1 w~te CIYSM powder
%’ Positive

152.5-153.5°C

Clear

< 20ppm
0.02%
0.12%

99.27%

Remarks: The above Lxiog resuh is per manut%mmsr’sinformaah~
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QUALITY CONTROL REPORT

CHEMICAL NAME. :PIWCETAM

MANUFACTURE LOT No. :97060036

PHYSICAL TEST

SPECIFICATION TEST STANDARD. :USP /BP /14JZRCK /NF_/uT._/co.SPEcS._.—. —

l)DESCRIPTION .:
WHITE TO OFF WHITE CRYSTALS FROM ISOPROPANOL OR WHITE TO OFF WHITE
CRYSTALLINE POWDER.

2)SOLUBILITY .:
VERY SOLUBLE IN WATER; SOLUBLE IN ALCOHOL, ESPECIALLY IN ISOPROPANOL.

4-% 3)MELTING POINT.:
MELTS AT ABOUT 151.5-152.5 degree.

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:
A) COMPLIES IR SPECTRUM AS PER COMPANY SPECS.

PASSES. : FAILS .:

COMMENTS.:

ANALYST SIGNATURE. : DATE. :

PRIIPACK TEST.: DATE .: INITIAL. :

RETEST. : DATE. : INITIAL. :
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------------------ IDENTIFICATION -------------------

PRODUCT #: P5295 NAME PIRACETAM
CAS # 7491 -74-9
MF: C6H10N202

SYNONYMS
1-ACETAMIDO-2-PYRROLIDINONE * EUVIFOR * GABACET * GENOGRIS * 2-
KETOPYRROLIDINE- 1-YLACETAMIDE * NOOTRON * NOOTROPIL * NOOTROPYL

NORMABRAIN * 2-OXO-PYRROLIDINE ACETAMIDE * 2-OXO-PYRROLIDIN- 1-

YLACETAMIDE * PIRACETAM * PIRAZETAM * PIRROXIL * PYRACETAM *
PYRAMEM *

2-PYRROLIDINONEACETAMIDE * 2-PYRROLIDONEACETAMIDE * UCB 6215 *

------------------ TOXICITY HAZARDS -------------------
RTECS NO: UX9660500

1-PYRROLIDINEACETAMIDE, 2-OXO-
TOXICITY DATA

IPR-MUS LD5O:>1O GM/KG PCJOAU 23,795,89
SCU-MUS LD50: 12 GM/KG KHFZAN 11(8),132,77
IVN-kfUS LD50: 10 GM/KG KHFZAN 11(8),132,77
IVN-CAT LD50: 10 GM/KG RPTOAN 47,205,84
UNR-MAM LD50:>I0 GM/KG RPTOAN 44,22,81
ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES

(RTECS)
DATA IS PRESENTED HERE, SEE ACTUAL ENTRY IN RTECS FOR COMPLETE

INFORMATION.

------------------ HEALTH HAZARD DATA -----------------
ACUTE EFFECTS

MAY BE HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION,
MAY CAUSE IRRITATION.
EXPOSURE CAN CAUSE:
CNS STIMULATION
THE TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY
INVESTIGATED.

FIRST AID
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS

CONSCIOUS,
CALL A PHYSICIAN.
IN CASE OF SKIN CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES, REMOVE CONTAMINATED CLOTHING AND

SHOES, CALL A PHYSICIAN,
IF INHALED, REMOVE TO FRESH AIR, IF BREATHING BECOMES DIFFICULT,



_—-
CALL A PHYSICIAN,
IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES, ASSURE ADEQUATE FLUSHING BY SEPARATING

THE EYELIDS WITH FINGERS, CALL A PHYSICIAN.

-------------------- PHYSICAL DATA --------------------
APPEARANCE AND ODOR

SOLID
------------ F~ AND E~LosION HAZARD DATA -----------

EXTINGUISHING MEDIA
WATER SPRAY,
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM,

SPECIAL FIREFIGHTTNG PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING

TO
PREVENT CONTACT WITH SKIN AND EYES,

UNUSUAL FIRE AND EXPLOSIONS HAZARDS
EMITS TOXIC FUMES UNDER FIRE CONDITIONS,

------------------- REACTIVITY DATA -------------------
STABILITY

_=_ STABLE.
HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS

THERMAL DECOMPOSITION MAY PRODUCE CARBON MONOXIDE, CARBON
DIOXIDE,

AND NITROGEN OXIDES,
HAZARDOUS POLYMERIZATION

WILL NOT OCCUR,
--------------- SPILL OR LEAK PROCEDURES --------------

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED
WEAR PROTECTIVE EQUIPMENT,
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL.
AVOID RAISING DUST.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS

COMPLETE,
WASTE DISPOSAL METHOD

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN
INA

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBWR AND SCRUBBER,

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

WEAR APPROPRIATE NIOSI-L’’MSHA-APPROVED RESPIRATOR
~

CHEMICAL-RESISTANT
GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING



_-.
MECHANICAL EXHAUST REQUIRED
CAUTION
AVOID CONTACT AND INHALATION

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM

CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE

——-
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Nootropics: Preclinical Results in the Light of *
Clinical Effects; Comparison with Tacrine

Cesare Mondadori
HoechstMarion Roussel, CNS Research, P. O. Box 6800, Bndgewater, NJ 088074800

ABSTRACT: This review is meant to serve several purposes. Fimt. it sweys the prechnical and clinical

profiles of piracetam-[ike nootropics. Second, the conditions under which the noouopicsareactivem preclinlcal

studies are identified and analyzed with a view to finding a common denominatorthm could explain the

observed effects. Third, the clinical profile is examined, on the one hand to assess whedmr these drugs are in

factactiveinhumans,and on the other to determinehow the clinical effects of the rsoocropics compare widr
rhose of tacnne. Lastly, the clinical data are then fuflher scrutinized to =sess whether the! fulfill the exfxcta-
t]ons based on the preclinical findings.

KEY WORDS: Noomopics, piracetam. oxiraceram. prarniracetam. an.uacea. tacruw. preclinical. clinical.

responders, nonresponders.

INTRODUCTION

‘-’ The discovery of piracetam] shook faith in
<araceisus’ famous axiom, “dosis facit venenum.”
This memory improving substance tiot only was
devoid of other biological activity but also had no
toxic effects whatever at doses up to grams per
kilogram of body weight. Even today, nearly 30
years after the discovery, the “rtootropic” class of

substances newly created to accommodate pira-
cetam still splits pharmacologists into two camps.

For some, the absence of toxicity indicates a lack
of any pharmacological action, while others see it
as pointing to a new therapeutic approach. De-
pending on the observer’s standpoint, either the
nonresponders in clinical trials testify to the inef-
ficacy of these agents, or the responders bear out
their activiry. This controversy has severely hin-
dered genuine scientific progress and has pre-
vented full advantage from being taken of the
therapeutic potential of the nootropics.

Piracetam is long since not the sole represen-
tative of this class, In the meantime a great many
srrucrurally related active compounds have been

.__synthesized. confumin: the need to assign the
‘ocmopics to a category of their own. The term
rrootropic deri~es from the Greek words noos.

mind. and .rropos,toward. and thus reflects not a
class of chemical structures, but the supposed
effectof these compounds on cognitive processes.
It is consequently inevitable thar a cetin ten-
dency exists to attach this label to all memory-
enhancin: substances (for a comprehensive re-
view, see references 3.4).

The present review is devoted entirely to the
piraceta.m-li.kepreparations and focused on their
direct nootropic effects. i.e., the spectrum of ef-
fects on the memory of intact animals, mther than
on their mechanism of action. The latter aspect
was the subject of recent reviews.45 Since it is
impossible to assess the activity of a substance
withoutrecoursetoreferencecompounds,both

thepreclinicaland theclinicalresultsaredis-

cussedon hat basis. Tacrine, the only compound
registered for the treatment of Alzheirner’s dis-
ease. is taken u the sole reference drug for com-
parscms of the clinical results.

Il. PRECLINICAL EFFECTS OF
THE NOOTROPICS

1
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tion of central nystagmus in the rabbit. i tirther
findings made during the past 25 years showed
that i[s main action consists in the improvement
of cogni[ive functions. The earliest studies were
concerned with pharmacological modulation of
the amnesiogenic effects of a cerebral elec-
troshock. When Giurgea and klouravieff Lesuisses
demonstratedthatpiraceuunreducedthedisrupt-
inginfluenceof ~ e]ecwoshock on the orienta-

tion of rats in a water maze, this effect was taken
M an indication that piracemm improved memory
consolidation. Over the years, this antiamnestic
action of the piracetam-like prepimtions has of-
ten been confined. Studies with aniracetam.’
oxiracetam,i pramiracetam, and a series of ana-
logues9 ail showed a distinct protective action

against [he effect of electroshock on memory.
This rather indirect indication of a nootropic

action was supplemented and reinforced by find-
ings showing a direct memory-enhancing effect.
A great many results emerged from experiments
in avoidance learning. For example, aniracetam
and piracetam10.II ~d o~acet~l~ were found [0

exert direct effects on the acquisition and reten-
tion performance of rats and mice in both passive-
and active-avoidance paradigms. Of particular
value were the results of investigations in which
the preparations were administered immediately
after the learning trial (’post-trial’). In such con-
ditions. the animal experiences the Ieaming siru-
ation without being under the influence of the
d~g ~d is l~ewise uninfluenced during tie re-
tention tes[. Any demonstrable effect cart then be
mcribed to a direct action of the substance on
memory processes that outlast the learning situa-
tion for some time. Several experiments showed
that nootropics can improve the memory under
such conditions. t314

The learning situations in which piracetarn-
like nootropics were active were not limited to
experiments involving avoidance behavior. Pra-
mimcetarn had positive effects in a place naviga-
tion task:s and was also found to improve the
acquisition rate in a 16-armradial maze.‘bwhereby
[heeifec[ reiated exclusively to reference memory.
not working memory. A slight. but siyuficant.
effect of pramiracetam was aiso demon suable in
a delayed alternation trial.’: .+niracmm likewise
displaye$ positive effec:s in ~ radial mazes md a
ma[chin:-to-sarnpie [est.“ \[oreo\e:. it A3S found

that piracemm and pramiracetarn improved per-
formance in an object recognition test.:o
.Artiracetarti] and oxiracetarn22were observed to
have positive effects in a social-recognition test
in rats.

In sum. from the data so far a~aiiable it can be
concluded that the nootropics exert a distinct
memory-enhancing effect in various learning situ-
ations and in different animal species. In mos[
experiments the acquisition or storage of the in-
formation occurred under the influence of the
drug and retention was assessed after an intenal
of at least one day. Effects on short-term retention
have been described (e.g.. in a delayed-altern-
ationor delayed matching-co-sample task, and so-
cial recognition after short intervals), but these
observations have not yet been confih-rned.

A. Which Memo~ Processes Are
Facilitated by Nootropics?

The many experimental situations in which
nootropics have been asserted to exert a memory-
mhancing action raise the question whether there
is a common denominator underlying all these
effects: such as a similar target process. or whether
even the whole spectrum of activity of the
nootropics is the same. The available evidence
would suggest that their activity spectra are not
identical, but at least very similar. inasmuch as all
these preparations improve passive avoidance~:~’
and active avoidance. i2.Uand all of them improve
retention performance. even if odrninistered post-
tnai. 13The results of studies with post-trial ad-
ministration reveal a high degree of concordance:
i[ has been demonstrated that all four prototype
nootropics —oxiracetam. piracetam, pramira-
cetam, and aniracetam+an enhance memory
even if administered up to eight hours after the
learning trial. After an interval of 16 hours, an
effect was no longer evident. 13[4[t can be inferred
that under [hese conditions all these drugs affec[
a process that ou[lasts the learning situation by
more than S. but less than 16. hours (a hypothe~is
relative to ~he process affected is advanced in
reference 14). The improvement in retention pr -
iormance in ail these experiments was assessed

~-ter 24 or 72 hours. i.e.. at a :ime when [he

memory content is generally j~ppoj~d to Ee
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__re5ent in a ]Ong-[em form. It was further shown-- =.
Lthe retention pet-r-ormance of mice exposed to

a learning sirua[ion tier receiving a single dose
of oxiracetam was distinctly better than that of
controls even after one. two. or four months.:b
This finding lent additional support not only to
the assumption that the substances ultimately
improve long-ten memory (Llll ~storage, but
also to the supposition that after in[enals of 1 to
120 days memory is based on the same substrate.

.AIso in accord with the hypothesis that the
nootropics improve LTM storage are the responses
evoked by prarniracemrn‘band aniracetam’8 in the
radial maze, in which solely effects on reference
memory were obsemed. Thus, the only effects
remaining to be explained are those noted in the
delayed matching-m-sample tes::’ and the im-
provements seen in the social-tvco-gnitiontest after
a two-hour intend.:: If these efi-tcts hold good
for all nootropics, they can be taken as an indica-
tion that the facilitation of LTM is just one aspect
of a whole range of activity; if not, they could
indicate differences in the activi~ spectra of the

_~g@ous nootropics.Wrty indicanons of differ-
:es have been observed. Comparative studies

Ur pramiracetam and etiracetam. for example.
showed that only etiracetam had effects on memory
retrieval.~’ Moreover. a long list of experiments
indicate quantitative and quaiitati~e differences
in the biochemical activity spectrum of piracetam-
like nootropics’z~w so that there is hardly cause
to expect such drugs [o display an identical spec-
tmm of activity.

Thus, the most obvious common feature of
the nootropics is their capacity to facilitate LTM
storage. This conclusion is consistent with the
majority of the available preclinical results. De-
spite the high degree of simila.ri~ in the observed
effects. some experimental findin~s do appear to
indicate differences in the activi? spectra.

B. Effects of Nootropics Compared with
Those of Other Memory Enhancers

the ACE inhibitorcaptopril. the calcium antagonist
nimodipine. and the gamma-arninobutyric acid B
(GABAB)-receptor antagonist CGP 36742 in a
passive-avoidanceparadigm (Figure 1).h was sub
sequentlyobserved that all these LTM effects were
equally steroid sensitive: i.e.. experimentally el-
evated aldosterone or corticosterone levels sup- !
pressed the effects of all these memory enhance]s t
[o the same extent.~3J1The pharmacodynamics of
oxiracetam. arecoiine, CGP 36742, and captopril
were sirnihm there was an 8-hour drug-sensitive
windowafter the learning trial (FIem 2), Note that
thememory-enhancingeffects inducedby captopril.
CGP 36742. and the muscarirtic cholinergic agw
nist arecoline foUowed almost exactly the same
pattern as that of oxiracetarn, in that they were not
immediately detectable, i.e., not in evidence as
soon as the animals showed sie~s of retention. At
leasta further 16-20hours elapsedbeforeit emerged
(F=- 3).This surprising concordance in the find-
ings strongly suggests that all four of these drugs
affect the same prccess.

By analogy with the results obtained with
oxiracetam. it seems reasonable to assume that
the process in question is LTM storage. This con-
clusion is proposed purely as a possible common
denominator and must not be construed as an
exhausti~e description of the activity specmum.
The totality of the cholinergic effects induced by
physostigmine activates the brain quite differ-
ently from blockade of the artgiotensin-convert-
ing enzyme or the effects of piracetam. It is con-
sequently logical that, despite thecommon effects,
differences in the activity spectra are to be ex-
pected. Such differences have been obsetwed in
experimental studies: only captopnl facilitated
memory retrieval after a 2-month retention inter-
val; piracetam did not.32 Piracetam and prarnira-

cetam improved performance in an object recog-

nition tesLzOwhereas physostigmine had no such
effect.3j In contrast to pramiracetam. ib and
aniracetam.18physostiynine had no memory-en-
hancing effect in radial-maze [ests.” ,~,u~~.l-low-
ever. be conceded that these results are not de-
rived from,comparative studies,

In summary. ail memory-enhancing com-
pounds display similarities in [heir ac~iviues and
m the intensities anti dynamics of their effec[s in
Llll experiments. The eiie:lj are steroid sensi-
[I\e and ‘Ewcome detec:abie oni} after a !aDseot’
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FIGURE 1. The effects of various memory-enhancing substances on the retention performance of mice in a
passive-avoidance task. Mice were given footshoek for leaving a “safe” small platform in the center of a grid floor.
The spontaneous (%aseline”) Iatencies to step onto the grid were measured. Retention (i.e., the retest Iatencies)
was assessed 24 hours later. The histograms represent the step-down Iatencies in seconds, Solid columns: baseline
Iatencies; blank columns: retest Iatencies of drug-treated animals; hatched cokmns: retest Iatencies of the vehic!e-
treated controls. NIM: nimodipine; CAP: captopril; STR: strychnine; CGP: CGP 36742 (GABAB antagonist); THA:
tacrine; ARE: areedine; PHY: physostigmine; PIR: piracetam; PRA: pramiraeetam; ANI: aniracetam; OXI: oxiracetam.
Physostigmine was given orally 30 minutes, all other substances, two hours, before the learning trial. O@imal doses
for memory improvement were determined in independent pilot experiments. Prolongatirx of the Iutcst !..~QIICIGS (,:1

=mparison with the no-shock controls [NS] and baseline Iatencies) indicates learning. Prolongation of the retest
Iatencies in comparison with the retest Iatencies of the vehicle-treated controls indicates drug-induced memory
improvement. N = 25 mice/group. “2p< 0.05, ““2pc0.01, ‘“*2P< 0.001 (Mann-Whitney U-test)

several hours. There are, nevertheless, expn-irrten-
td findings indicating differences in activity spec-
tm both within and between the various groups of
memory enhancers. above all in tests not related
to LTM.

Ill, THE CLINICAL EFFECTS OF
THE NOOTROPICS

Any attempt to pinpoint common features in
the available clinical data on these compounds
quickly runs into certain problems. One major
difficulty is due [o the heterogeneity of the patient
populations. Studies have been cmied out in prob-
able cmes of AIzheimer”s disease, k:g in a mixed
population of Alz.heimerand mukiinfarct dementia
pa[ients. k in multiinfarct patients.’? in patien[s
with psychoorganic syndrome, - in aged volun-
teers.’9 in students. fo in epileptic patients.~i in
d>slexic ~choolchildren.:: in patients suffering
from effects of txpcsure to organic solvents.~;s~

in victims of head traum&$55bin patients with
Korsakoffs syndromes’ and even in patients with
artificial pacemakers.$aThe numbers of patients
in each study ranged from W to 289.41Durations
of treatment also varied greatly: for example, 9
days,s84 weeks, ‘3’S3 months.3W1w’7~’and up to
1year.:dThe Stttdydesign was variously open,:g@
single-blind,’]b’ double-bhnd.wJg@parallel with
placebo controls’c3941’zor active controls,bzd]
crossover,37JJ or enriched::s even comparisons
with historical controls were used.N

No less heterogeneous was the clinical and
psychometric instxumentatium employed to as-
sess the effects. Besides neuropsychological [ests
and scales. psychophysiological tests were also
used. The quality of repining differed .geatly. [n
some studies. the test used is not simply men-
tioned but described exactly (e.g.. reference -!0).
whereas in others the sole indication of the nature
of the effect obsemed and the methodology ap-
piied was the single word memu~.b3In evaluating
[he effects, the psychomemc tests were some-
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times supplemented by staff-rated scalesi7; some-
- *imes o~y st~-rated scales were used,df or evenr.

.s[ the clinician’s global impression was given.fi
The study design was entirely adapted to demon-
strating the existence of an effect of the prepara-
tion in patients.

Surprisingly. at fust glance, scrutiny of the
results of the published clinical studies reveals
that the majority (more than 60%) of the reports
are positive; i.e.. the authors conclude from their
findings that the treatment waseffective. Viikardita
et aL,J9for instance, showed that after three months
the 30 patients treated with oxiracetam in a double-
blind, paralIel-design study displayed significant
improvements in 9 of the 18 tests used compared
with their baseline performance before the begin-
ning of treatment. The 30 placebo-treated patients.
on the other hand. showed no impro~ements, and
even performed siegnificandyworse in two of the
tests. The positive effects were particularly clear-
cut in the Mini .Mental State Examination
(MMSE), the Auditory Continuous Performance
Test (ACPT), Rey’s 15 Words Tes[. the Block

mm

<10s lh fi W 8h 16in

FIGURE 2. The effects of various compounds on

memory if administered at various iritewais after the
Ieaming experience. The ammals were exposed to the

passive-avoidance situation, and after he indicated in-
tervals (<10 seconds, 1, 2, 4, 8, 16 hours) treated”w&
optimal doses of the memory enhancers, Retest was
performed after 72 hours The columns indicate me
prolongation of the retest Iatmcies (IC Xrcent of :he

--- “.ehtcle-treated matched controls). Prolcnged Ialencws--
“dicate better memo~. A7E. arecoline: CAP: c.aDIODc!:

QXI oxiracetam. ‘224305 ““2x0.01 ‘-2 M.COI

FIGURE 3. The emergence of the memory facilitation
efkt induced by the nootropic oxiracetam (100 mcj
kg), the ACE-inhibitor captopril (3 mcj’kg), the musca-
nnic agonist areeoline (0.3 mgkg), and the GABAB-
receptor blocker CGP 36742 (1O mcjkg). The animals
were trained in a passive-avoidance situation and
treated immediately thereafter. Retention performance
was measured at various intervals (1, 2, 8, 16, or 24
hours) after training and treatment. The columns indi-
cate the drug-induced prolongation of the retest laten-
aes (in percent of the vehicl+treated controls). ●2f%0.05,
-2~o.ol, “**2Pc0.001. Prolonged Iatencies indicate
better memory. Al treatments were given intraperito-
neally immedatety after the learning trial (from Mondadori
et al., Rec. Naff. Acad. Ski., 91, 2041, 1994).

Tapping Test (BTT), the Mattis Word Fluency
Test, Luria’s Alternating Series, and the Instru-
mental Activities of Daily Living Test (LADL-E).

Senin et al.38performed a study with anira-
cetam, using a test battery different from that
applied by Villardita. At the end of the 6-month
treatment period the authors found significant
improvements of performance in all 18 param-
eters assessed. As in Villardita’s study, positive
effects were recorded in Rey ’s 15 Word Tes[.
Note that besides effects on cognitive pamrn-
eters. these authors also observed distinct effects
on behavioral parameters. The 6-month study
with aniracetarn performed by Pametti et al,b~
according to a similar desity yielded practically
identical results: in 17 of 18 tests, aniracetarn
improved the patients’ performance, In this com-
parative srudy the activiry spectrum of aniracetam
in some tests was distinctly different from tha[
of pirdcetarn. Unlike aniracetam. for instance.
mrac::om displayed no effects in Rey”s 15 Words
Test. m [he ToulousePieronTest.and In the
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Raven Test. According to the Sandoz Clirticaf
Assessment Geriatric (SCAG) Scale, however.
the effects were nearly identical, Bottini et al.w
observed distinct effects of oxiracetam in five of
eight cognitive tests. In particular. [here were
significant positive effects on verbal tluency.
similar to those described by Villardita et al..
and the retention of a short story (afier a delay of
10 minutes) was also improved. In [he 12-month
study with piracetam conducted by Croisile et
al..~dindications of a remrdam effecr ot’:he dmg
on the progress of men[al decline were noted: in
the placebo group a significant deterioration was
evident at the end of the year in 8 of 14 [ests.
whereas in the piracetam group negative results
were recorded in only one test. In contrast to the
findings of Senin et al. and Parnet~i et al., direct
comparisons of the performance of placebo-
treated and piracetam-trea[ed patients yielded
scarcely any statistically significant results. The
study carried out by ,Maina et al.’] in the Iargesr
population samples of all (?J = 144 + 145), posi-
tive (good to very good) effects of oxiracetarn
were recorded in 90 of 145 patients (global evalu-
ation), whereas. according to the same criteria.
only 27 of 144 placebo-treated patients were
rated as showing good or very good responses.
Only 51 of 144 patients mlcing oxiracetam as
against 107 of 144 receiving placebo were rated
as showing no effect or a poor effect. Note that
the patients in this study, in contmst to those in
the study by Villardita et al.. showed positive
effects in the IPSC-E (Inventory of Psychic and
Somatic Complain[s, Elderly). Sta[isticdly sig-
nificant increases in the IPSC-E scores were also
recorded in the 6-month study performed by
Mangoni et ~.,36 while no Chmges Were seen in

the placebo-treated controls.
Itil et ai.%also reported significmt effects of

oxiracetarn in the IPSC-E, not in Alzheirner pa-
tients. but in diagnostically less precisely defined
cases of organic brain syndrome (OBS). These
effects were more pronounced [hart the corre-
sponding effects of piracemrn. Such cha.n~es in
the IPSC-E suggest that oxiracetam exerts effects
that can be manifest as an mprorement in the
quality of life of the patients. The results obtained
by Salem et al.15in their Study of a sirnilw pat]en[
population were far less dis[inct: Jpa.rI from an
improverhent in ~erbal memory. orJy the overall

score in the SCAG was significantly better (the
IPSC-E was not used). The duration of treatment
in this study was only four weeks. .More modest
still were the clinical effects noted in the study
of piracetam performed by Abbuzahab et al.~~in
OBS patients (geriatric memory): aparr from a
slight overall improvement. no relevant effects
were obsemed. Much more pronounced positive
effects emerged from the investigation by Moglia
et al.’z ht this parallel-design study in 2 I + Z?
OBS patients, these authors showed that oxirw
cetam induced an overall improvement in cogni-
tiveand behavioral parameters. Particularly no-
table were the significant improvements seen in
the Benton Visual Motor Retention test (as also
used by Itil et al.) and in the arithmetical part of
the Wechsler Adult Intelligence Scale (WAIS).
The concision that the generaf weiI-being of
the patients treated with oxiracetam had improved
is consistent with the many globaf clinical as-
sessments, as exempitiled by a 3-month pia-
cebo-controlled study in 60 patients with two
doses of piracetarn cat-tied out by Chouinard et
al.” In this study, the results of the monthly
evaluations by the nursing staff (Nurses Global
Improvement Rating Scale) clearly indicated an
improvement in the patients’ sense of well-be-
ing, whereby particular emphasis was placed on
alertness. socialization. and orientation. Another
study by Foltyn et ai.,ss showing aniracetam to
have been effective over a duration of four weeks
in N = 30 +30 patients. was based exclusively on
staff ratings.

Nootropics were also tested for el%cacy in
completely different clinical indications. Mcktn
et af.,~ for example. examined pramiracetam in
four patients withheadinjuriesoranoxiaand showed
that the drug exertedclear-cut effectson immediate
and delayed recall. In patients with pacemakers, in
whom the fixed heartrate often leads to diminished
cerebral circulationand consequent disturbances of
performance during exertion, piracetarnwas found
to induce a ~light improvement in psychomotor
[estsjg: no cognitive tests were performed, how-
ever. In a study in epdeptic patients with memory
ciisordem, Aldenkamp e: al.fi observed no effects
after 12 weeks. but all parameters measured re-
vealed a trend favoring oxiraceram.

In some investigations. comparative evalua-
tions were made of the effects of nootropics. In
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the above-mentioned study by hi] et al.,% oxira-
-_.cetam was found to have a slightly better effec~ on

cognitive parameters than piracetarn, whereas
piracetam dispiayed a slightly better antipsychotic
effect than oxiracetam. Although the -geater effi-
cacy of oxiracetam in regard to cognitive aspects
was confirmed in the studies by Gallai e[ al.biand
Ferrero.d: these studies were not carried out under
double-blind conditions and are consequently not
admissible as valid scientific evidence. The same
applies to the study conducted by Faisaperla,sz in
which the effects of oxiracetam were compared
with those ofdeprenyl in Alzheimer patients. Here.
both drugs improved the patients” performance
above baseline levels in a whole series of tests,
deprenyl emerging as the more effective treat-
ment. hiracetam was also shown to be sli.ghdy
more active than piracetarn in the study by Parnetti
et al.b-

tn contrast to the many positive results re-
ported. a 3-month study in Alzheimer patients
performed by Green et al.ti and using a broad
battery of neuropsychological tests revealed no
signs of efficacy of oxiracetam, either on the basis
of group analyses or in individual patients. Simi-
.ar~y.a-3-month trial by Hjorther et al.53with a
very extensive test battery gave no indication of

any effects of oxiracetam: neither behavioral nor
memory parameters showed any signs of improve-
ment. Note that this trial was done in a special
group of OBS patients, suffering from toxic
encephaiopathy following exposure to organic
solvents. in full concordance with these results.
Sornnier et al.x detected no signs of efficacy of
aniracetam in such patients. A notable feature of
this srudy was that Somnier employed a crossover
desieq. Other crossover trials have also revealed
no positive effects. Lloyd-Evans et al.w were
unable to detect any effects of piracetam in a 6-
month double-blind trial in OBS patients. The 2 x
4-wesk crossover study with oxiracemm per-
formed by Molloy et al.37in Alzheimer patients
likewise showed no effects. In none of these cross-
over ,-ials was the fmt drusyplacebo phase evalu-
ated separately as a parallel study. Negative re-
sults further emerged from an etiched-desim
srudv by Claus et al..?swh,oconcluded from their. .

.——–.results uiat pr3mir3cetam ISmeffecxive as a symp-
tomatic trewmenr for ,A)zheimer ?atients. This
rating was based on the scores achieved b} 10

patients in the Alzheimer’s Disease Assessment

ScaJe (ADAS). In patients with alcoholic organic
mental disorders also, a study conducted by
Fleischhacker et ai.s’ demonstrated no relevant

improvement after treatment with piracemrn.

Given the existence of srudies with positive
and others with negative results or overall rat-
ings, one question that arises is what “positivr’
or “negative” means to the individual paLients.
As regards the positive studies. that question has
already been answered, insofar as it was often
mentioned that only a limited number of patients
responded to the treatment (e.g.. reference 41).
Unfortunately. in the clinical studies with nootro-
pics, only scant information is given about the
frequency of significant therapeutic effects and
the quality of such effects in individual patients.
The fact that. despite many nonresponders. posi-
tive overall ratings were still reported would at
leas[ seem to j ustify the reverse question of how
often individual responders were presem even i])
the negative studies. For want of adequate infor-
mation on responders and nonre-spenders in most
double-blind smdies, illustrative data must also
be drawn from the results of open trials. In the
study performed by Claus et al..~sthe conclusion
that piracetam was ineffecti%-ewas based on the
lack of significant effects in the ADAS in 10
patients. In fact, however, there wu at Ieas[ one
responder with a reduction of more than four
points in the ADAS and significant. drug-related
improvements in both the Visual Selective Re-
minding Task (total and delay) and Logical
Memory Immediate Recall. These effects were
inevitably submerged in the calculations of the

means values and statistical analysis. In the study
by Baumel et al.’! also, where the drug effects
were rated as very modest, 4 of the 12 patients
showed responses. In that the case reports were
described as ~pical. this wa~ a substantial effect
from the viewpoint of the quality of life. This
outcome is closely similar m the results of the
open study in six patients b} Dager et al..5gin
which there was one definite responder. Lrrespec-
[i~e of the extent [o which the cited data were
attributable to drug effects. L$~)’ demonstrate [he
need for analyses of this nanm.

1[ can be concluded that ~!e niracetam-like
nootropics can evoke s.iql~ic3n[ effects in
.A!zhelmer pa[len[j. becoming rnamiest on the

‘1

I
i
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one hand in cognitive improvements and on the
other in behavioral aspects, The effect appears to
become more marked during prolonged treatment.
The variousnootropicsdiffer in their activity spec-
tra. In general, however, there were only a limited
number of responders. The few efforts made to
characterize this group of patients (e.g., reference
59) were unsuccessful.

IV. COMPARISON WITH THE CLINICAL
EFFECTS OF TACRINE

Any attempt to chtiacterize the clinical ef-
fects of the nootropics almost automatically ne-
cessitates a comparison with cholinomimetics. In
contradistinction to the nootropics, cholinergic
substances are usedin Alzheimer patients. not

because of their memory-enhancing effects in

animals, but because of the existence of a cholin-
ergic deficit in these patients.w In this respect, the
patient population studied is homogeneous and,
unlike the very mixed populations treated with
nootropics, includes only (probable) Alzheimer
patients. The group sizes are similar to those in
the nootropic studies. The methodology used is
more nearly uniform but different from that
adopted for nootropics. The following section is
confined to tetrahydroaminoacridine (THA,
tacrine. Cognex”), a cholinesterase inhibitor and
the only substance so far registered for the treat-
ment of Alzheimer”s disease.

The first study by Summers et aL’Owas con-
ducted in three phases. In the first phase, the
tolerability and efficacy of incremental doses of
THA were assessed in 23 patients. THA was
aiways administered in combination with leci-
thin. In a second double-blind, crossover phase,
15 of these patients were treated with the best or
highest dose of 77-LA,or with placebo, for three
weeks. after which the treatments were switched.
Only the 12 patients showing a clear-cut response
to THA in the second phase went on to receive
long-ten-ntreatmen[ over periods ranging from 3
to 26 months (enriched design). Tle final assess-
ment revealed distinct positive results (global
assessment, orientation, Alzheimer deficit scale,
names learning test), wherebyordy patientsclassed
as Stages 3--I,but not Stages 5-6, on [he Reisberg
scale r&ponded.

\fostof the subsequentstudiesinitiallyfailed

[oconfrrrnSummers” results.A crossoverstudy

conductedby Davieset al.,” forexample, in
which 10 patients were treated for up to four
months. showed hardly any notable effects of
the combiiled treatment with THA and lecithin.
Only in 1 of 10 tests were positive results re-
corded. The same results were obtained by Cha-
tellier et al.?: In this crossover study with 67
patients. tacrine (combined with lecithin) was
administered orally for four weeks. Apart from a
slight improvement in the Physician’s Score, TWA
was ineffective. Neither in behavioral scales
(Stockton) nor in cognitive scales (MMSE) were
any effects demonstrable. Similarly, in a cross-
over trial done by GaurAier et al.” over two 8-
week treatment periods. the response to THA was
limited to an improvement in the MNISE. Despite
this improvement, the authors rated the effect of
THA as clinically irrelevant. No effect whatever
was observed by .Molloy et aL74in a multiple
crossover study with treatment periods of three
weeks..Neither”the overall evaluation nor a de-
tailed analysis of individual patients revealed any
indications of effects.

Positive results. on the other hand, were ob-
tained in the aid conducted by Davis et al.~sThe
215 patientswho had responded to tacrine in a
preliminary crossover phase were subsequently
treated for six weeks in a parallel study. By com-
parison with the placebo controls, the tacrine group
showed a slight. but si+grdlcant, decrease in men-
tal decline (ADAS cognitive subscale). Two of

the three quality-of-life assessment scales used
indicated changes in fa~or of tacrine: Progressive

Deterioration Scale (PDS) and Activities of Daily
Living (.ADL). The changes in the .MMSE were
slight and suuisticaily not significant, and the
clinician’s global assessment (CGIC) likewise
failed to detect any effects. In a similar, but more
prolonged ( [2-week) parailel study by Fariow et
al.,’b ven much the same results were obtained:

the ADAS cognitive subscale indicmed some re-
tardation of cognitive decline. but the MMSE
Showed no changes.In contrast to the study by
Davis. however. the physicians’ md caregivers’
global ratings were siy-iilcantly better. In a cross-
over jmdy by Eagger et al..”; in which -$68 pa-

tients were mexed for considerably longer ( 13
weeks~thn rd!osein !v[o’doy’s j~d~.-~ the MNISE
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and the AMTS (.Abbreviated Mental Test Score),
_~@t not r-he.AJ)L. revealed an effect of tacrine.

Jeeffects in the .MMSEwere consistent with the
findings of Gauthier et al.,-: but not with those of
Farlow e[ ai.-b and Davis et al.;s; the absence of
effects in the ADL were at variance uith the
results obse~ed by Davis et al.~s

Recent studies disclosed the entire range of
possible efk.-!. Distinctly positive effectsemerged
from a 30-week parallel study by Knapp et a.l.’gIn
this study with an initial population of 663 patients,
all three primary outcome measures (ADAS cogni-
[ive subscale. Clinicians’ Interview-Based Impress-
ion. and Fird Comprehensive Consensus impress-
ion) showed significant effects of tacrine. In
addition. positive effects. among others, weredem-
onstrated by the Progressive Deterioration Scale
and the M3!SE. but not the ADL. The effects
indicated b> the .MMSE were in agreement with
those noted 5} Gauthier et ai..7JEagger et al.,n and
Davis et al..-: but contrary to those seen by Farlow
et al.’sand \loUoy et ai.74Although consistent with
the findings of Eagger et al.,n the absence of ef-
fects in tie .~L conflicted with those of Davis e[

_fi&75Exact$ tie opposite, i.e.. no indications of any
“setwhate~-er, emerged from the study by Maltby

et al.79wtidtm initial population of 57 patients and
a 36-week duration of treatment. Neither the Care-
givers’ rating-based scales nor the co-tit.ive scales
showed signs of changes. Halfway between posi-
tive and negative results lie tie findings reported
by Wilcock et al.w In a 2 x 3-month crossover
study in 41 patients these authors noted positive
trends in fa~or of tacrine, but statistically the dif-
ferences we= scarcely significant. In a study with
154 patients. Wood et al.gl likewise merely ob
sewed positive u-ends,but there was no significant
effect of tatie in the overall group analysis. The
results nevertheless indicate that there were indi-
vidu~ responders. The same applies to a 3 x 6-
week crossc~er jmd~ of Alzheimer patients con-

ducted by Gustafson8: in which there was no
detectable ol-crall effect. but individual responders
were noted. It is. above all. the enrichrnen[ studies
that confirm tie existence of a subset of respond-
ers. ah.hou~, e~en after the enrichment no[ dl
patients res~nd to the treatment. In the light of

Jese findti:s and m view ~f the need to optirmze_-———.
‘ therap}. :t :s wpnsmg ‘hat sC3rCeIyan) effms

nave ~~n ~xie to estahhsh 3 pharmwologcd.

biochemical, and endcxxinological profile that
would serve to identify likely responders.

To sum up, although there are clear indica-
tions that cholinesterase inhibitors do exert clini-
cal effects, it is equally clear that only a certain
number of patients respond to the treatment. The
use of enriched-design studies ofien makes the
proportion of responders appear larger than it
really is. As with nootropics, longer durations of
therapy improve the chances of evoking demon-
strable effects. The psychometric scales and tests
employed were in most cases not comparable
with those used in the nootropic rnals. In the few
studies in which comparable scales and tests
(MMSE, ADL) were used, the effects observed
were of roughly the same ma=titude as those
preduced by the nootropics. Although the meth-
odology was much more nearly uniform than in
the nootropics studies. there was no test that
yielded consistent! positive results in all trials.

V. PRECLINICAL EFFECTS OF THE
NOOTROP!CS IN THE LIGHT OF
CLINICAL FINDINGS

Before considering the extent to which the
clinical data meer the expectations based on
preclinical findings, I must s~ess once again that
the clinical investigations were exclusively aimed
at showing whether or not the preparations ex-
ened any therapeutic effects. For that reason a
wide battery of tests was used, comprising bh
behavioral aspects and cognitive performance.The
somewhat unfortunate efforts of many authors to
make use of data from animal experiments in
explaining the rationale of their srudies and dis-
cussing the clinical results should not be allowed
to obscure the fact tha[ neither were the studies
designed to validate the preclinical results, nor
were the clinical results in any way adjusted to
serve that purpose.

In the vast majoriry of the preclinical studies,
a design was used in which the experimental ani-
mals were exposed to the learning situation while
under the influence of the drugs and then tested
for retention 24 hours later, either still, or no
longer, under the influence of tic drugs In tie
cl]mcal srudies. however, retennon performance

U3S tested ti”[er shon-tmn inte~ials. i.e.. either
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in-mediately after acquisition or after a lapse of
10 minutes. The several hours’ delay preceding
the emergence of delectable memory-facilitating
effects that has beeri obsetwed in rite most recent
animal experiments .4:J strongly emphasizes the
crucial importance of allowing long enough re-
tention intervals. provided only. of course, that
the clinical effect md the memo~ facilitation
observed in animals come about by way of the
same mechanism. Wlat the long-term memory
tests used in the ciinical studies detected was not
the influence of the jubsta.nces on long-term stor-
age. but their influence on retrieval from LTM.
i.e.. cm the recall of infomnation acquired while
not under the intluence of the drugs. Often, Iearn-
in,g capacity was tested before and at the end of
the t-reatment period: i.e.. performance without
the influence of the drugs was then compared
with performance while under the acute influence
of the drugs. There is thus stiil no sound scientific
evidence of the predictive validity of the animal
procedures. This aspect should be examined in
specifically designed clinical investigations.

The various rep-ts nevertheless do contain
at least a few allusive remarks consistent with
[he expectations based on animal experiments.
In the study with o.xiracetarn by Dager et al.,59
for example, there is a sentence reading: “al-
though long tetm recall improved only negligi-
bly. his long term memory storage (learning
capacity) and reco-tition memory were moder-
ately enhanced.” Similarly McLean et al.sbstate
that: ““Themost dramatic demonstration of im-
pro~-ementwith prmiracetarn . . . occurred in the
selective reminding rest-delayed recall. long term
memory retrieval and long term storage.” Last.
but not least, there are a number of reports con-
cerning the effects of piracetam in dyslexic chil-
dren that possibIy @nt to effects on LTM stor-
age. In a double-blind. placebo-controlled study
by ~Vilsher et al.sz tie children showed greater
facility in reading and comprehension after a 36-
week phase of treatment with piracetam. It is very
probable that the “reproved performance at the
end of the treatment period reflects. not an acute
eifea on memory rea+val. but rather an improved
avtiiability of the !uowledge acquired through-
out ‘he duration of reatment. i.e.. Iong-term re-
tenuon of informacicn acquired under the influ-
ence of piraceram. Tms view is strongly Supponed

by the fact that the combination of psychological
training and nootropic therapy proved particu-
larly effective, not only in dyslexic children. but
also in other forms of coguitive underper-
fommnce.j3 Moreover, it appears very likely that
the effects obsemed after long-term treatment of
.41zheimer patients might. at ieast panially, be
based on such effects, too.

However, the many reports on an improve-
ment in noncognitive aspects in individual studies
or patients make it seem improbable that
nootropics act exclusively on LTM storage. h is
conceivable that the effect comes about via a
modification of general processes that play an
important role in the performance of brain cells.
The improvement in long-term storage would then
be only one of the measurable conseque]~ces.The
reason for the usually modest extent of the clini-
cal effects could be that the action of the sub-
stances is confined to cells that are still function-
ally competent. But since the individual patient’s
specific pattern of fictional deficits reflects the
impairment of the neurcmal cimits esserl(inl to
this function, it may be that the aspect most im-
paired through degeneration also affords the least
room for improvement. This applies equally to
cognitive and noncognitive performances. It is
therefore perfectly conceivable that while mea-
surable effects in one aspect or another may be
detectable in a wide-rarggingpsychomernc inves-
tigation. these aspects may be of little therapeutic
re!evance to the symptoms that are particulady
disabling for the patient.

V1.SYNTHESIS ANO OUTLOOK

Given the obsemed overall positive effects of
the nootropics and their occasionally quite dis-
tinct effects in individual patients, this category
of compounds would appear useful. The results
available so far give no indication [hat tacrine is
superior to the nootropics, or vice versa. The
effecrsof these drugs seem 10be similar. although
the complication that the double-blind nature in
connection with chohnomimetics is very prob-
ablywishful thinking (dicrirninative stimulus prop-
erties.w side effects, e.g.. reference 74’)has been
completely left out of consideration. In the ab-
sence ot comparative studies. the tiicit assump-
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tion that the cholinomimetics are more effective
-- .~ost likely reflects the supefilcial plausibility of

~eunderlying hypothesis rather than the exis[ing
clinical results. Together, the clinical results
presem a mirror image of the preclinical profile.

In order to maximally exploit the available
therapeutic possibilities. it would be desirable to
give priority to the characterization of a subgroup
of patients likely to respond to a pan.iculartherapy.
The steroid depmdence of the memory-facilitat-
ing effect of the ncrotropicsz3J1opens up a practi-
cal possibility in view of the fact that a ve~ large
percentage of Alzheimer patients have elevated
plasma cortisol concentrations.ss This approach
would, of course, be valid only if the memory-
enhancing effects seen in preclinical srudies and
the effect observed in patients come about by way
of the same mechanism. This brings us back to
the question of the validity of the preclinical
models, which urgently need clarifying by clini-
cal trials specifically designed for that purpose.
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‘,4LL’.4Tl0\ OF THE EFFIC.4C}” OF PIR4CETA}1 IN TRE.4TINC INFOR\lATION

?OCESS1\G. RE.+DING ,4\D W“RITINC DISORDERS IN D}”SLEXIC CHILDREN

Plracetam. a neu c!.m, of drug (rrc~~::cpt!, ~h(wght [o enhance spectflc cogmttve AIIIs. was pven in a ~.130 mg dad! dose to half of
r.wP O( fift~-fl.c d\SIC\ICbo~s Lget $- 1? }eurs. In a 1~-week. douhlc. tnllnd. piaceb+controlled >[ud! l%< o[her half of [he Wb)ects
~i,ed place”h~. Al] ‘$ubl<c[s me, [h< ~..il<~~,flg cn[tna norm.il lntelligcnc~ n,lrmd educa[mnal .>pporruni[)~~.no were tmouomi

blem,. no neuroioglcd handicaps. $cd physical health. nm mhing o[her psycht~troplc medlcotton. and *onng N leas! one md one

f i-. below [heir mental age ecu:~ denl on [he Gllmore Ord Rcadtng Tesl. son-verbal Iaudimm and visual) and verbaI

c, and memom jkills were <xammed.andreading.spelling.Ianguay and wnung ablhues were measured using standardized

[run,.,lts. Compared 10 the piace~x’ :on!rol group. Individuals (res[ed wIIh Ptracetam did no[ show stausucall> wylficmr[

>ro~ements abme [hmr basehne ~-.~res on measures of perception. memory. language. readnrg accuracy or comprehension. or

[Ing accurac> Hi>Me\c~.reading >F d and number< of words w[ten In a nmtd period were jtgnificantly enhanced In subjects

Iwd with Plra:e[am, as comparet LO placebo Ef[ecll\e reading mrd unung ablli(}. !abng both ra[c and accur~c: lmo

Islderatlon, were also stgrlflcan[l} !mpro~cd m the P1r3ce(am as compared m Ihe placebo wea(mcnl group. The rnedicauon was

l-tolerated and medical exam! naucm> jh~~~d no slgnlhcant ad~erse reacl)ons. These mulls encourage further stud}O(Plrace[am
Mcrm]ne mor+ precld> [he mech~msm oi aworr b: wl-uch specific cogmuve jblls arc affec~ed.

TRODUCTIO\

Recent re~iws of chemothcrapeu[lc [reatment

lelrninrg d]sablllties have emphasized [ha[ the

rceptual and behavioral changes induced by
U:5 do not ntces~arl]~ lead co improved academ]c

rformance (.~m~n. 1980: ~~er~. 19S1 ). This
i-rclu~]on has kn based pnmanl} cm research

Lh central nenous system s[lmulan[s such as

:[hylphen]cia[e ~IUtalln) and clex[r~amphetamlne

lmednne),Such stimulants haie been shown to

proie atten[]on span (BsrLie>. 1~77: Barkle>

d J~ckson. lY --- mem,}r~ (S2ragut. 1~-2: U :rr>

and Aman. 1975).and impulsivi[yand socialbe-
h~vior~Barkleyand Cunmngham. 1980:Conners

andt$’erry.1979).Hciue\er.studiesofeducational
ablli[iesusing standardized reading. spelling and

arl[hmetic tes[s hake failed to demonstrable any

slgnifican[ differences In the performance of

[rea[ed children (Quinn andRapopon.1975:Weiss
e[~1..1975tor non-hyperactivechildren (Gittle-

m~n-KJein and Klein. 1976: Aman and Wert-y.
1QS2),

This discrepant between the drug-induced im-
pro~ ements In beha~ioral control and [he absence
of cnmge in school-performance mal be LIU~ in

p~r; [o [he WOI exh child:S~~j]grtd[heproper
do>~sc, In the p~.;. cilnlc;~n> and inie::!g~[ors
h~t< JQUm<d IhJ[ the .>ptjmdl J,.\Jgt (,I ~mpr,lit

-.-N in S - :, ‘Q\/ =’....<..,<- .. . ,,., ?.,n(,.nt,. 3 ‘.
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.:.WKl mg JJ]I! of Plrace[tim %1/ >ubJ<ct> me[ [he
fc~llowlng crl[erla: [hm had J Full Scale W“ISC-R

IQ ~rea[tr [ban 90. a “Readtng or Spelllng .Age of

J( least tuo years behind their mental w b~sed
on the W’ISC-R. normal ducarmrtal oppor[unll)es.
no Sei,ere em~~(mnal problems. normal he~rlng ~nd

nc>rm~[ il~lc>n. and no gross nturoio:]cai de ftc; [s,

The children were te~[d on their re~ding ab~ll[y

(speed. accuracy. and comprehensmrt ) Qnd a ~-min

free-wriurtg sample was [ak<n [o measure [he total

number of uords wri[ten ~nd the percen[~~e of

>pelllrt~ mlslakts. ~-les[ c.~m~tiris~ms lXIWWE [he

means of the [UCI treatment you Fs a[ the be~;n-

nlng and the end of [he 8 uee Ls shoued no

\ignificQn[ differences cm my of the dependen[

measures. However. fur[her ~nal!sls comparing ~he

mean treatmen[ changes from baseline. using the

difference befween [he pc~s[- and pretrea[men[

>cores for each subject. rm edied Irnprof’emen:s In

r~~.~~ng speed and accurac~ and [eta] words \vri[-

[{ individuals treated uith Plrace[am.in alls

s[uales. the Piracetam medica[lon was ex{remely

uel]-mlerated.

The present stud> was de,igned to replicate and
extend [he findings of U’ilsher et al. ( 1984). \fore

rigorous patien[-selection inclusion and excluslon-

a~ cntena were used. Drug dosage and re~men

were equi~alent. but the clinlcal trialw~j extended
[o12weeksand additional SUbJ~C[S. test SI[eS. and

psvchome[rlc [es[s were included.

VETHODS

43

Perf~~rmance Scale IQ or a Verbal Scale IQ of 90
~>rm~~re.~>b[ainedwl[hin 9 months of the ini[ial

t 1>1[.(~1The} hwl 3 Rest-lin: Quo(ten[ of less than
(Jr equli [O 0,$5. (4) English was [heir primar>

langu~~t. (S) [n formed consen[ was obtained from
bo[h p~[len[ and parent or iega] guardian. (6)

The} hd normalaudiologica!and ophthalmologi-

cal functioning, (7) There was no significant neu -
roioyc~l h~ndicap. (S) They had no severe emo-

[torui dl~turbance as a prirnan symptom. (9) There
u as no were educational deprivation. ( 10) The>

had n~~clinically si~nificant laborato~ abnormali-
ties. n.lr an}medicul ccmdi[ions which might put

the p~i]~tl[ 3[ adfil[ional risk or interfere ui[h [he
conduc: ~>fthe s[ud}. 11I ) They had no histo~- of
si~nif]~ln[ adv<rse rcac[ion or h~p.ersensi[i~ity [@

Plrace:~m. ( 12) They were not ‘involved in an}

[heraples u hich ml~fit interfere with the evaluation

of efficacy and safet>. including: psychos(imulan[

medic~ticm Ui[hln 6 mon(hs of [he initial visit.

concoml[ant drug therapy- with ps>chostimulants

or an} drug for emcxional disturbance. concom-
I[an[ [berapy with Tofranil for any indication.
In\esliga[lonai drug therapy within one month of
[he inl[lal visit. or concomitant chronic treatmen[
With bronchodilators which have central stimulant
activlt}.

The Reading Quocien{ was calculated as equal

to: Reading Age x 1007 by Chronological Age x

Full l-sit WISC-R IQ. l%e Reading Age was
derijed from the Accuracy Score of the Gilmore
OraJ Reading Tes[ — Form c. Grade Scores from

the Gi Imore were conver~ed to Age Scores using

Table 11 provided in the Gates-.McKillop Oral

Reading Test. Abnormal audiological functioning

was de-fined as a loss of grea[er than 20 dB in
el[her ear for two frequencies in the normal range

(500. !000. 2000. 3C00. 4000 Hz. using pure tones).

.Ahrmrmal oph[h.dmoloqcal functioning uas cle-
fined as less than 20,,’40 corrected vision m both
eyes as [ested b> [he .Amencan Optical E Char[.

Slgnlfican[ neurologlcoi handicaps uere defined as

any oi [he follow lng: acquired neurological dis-
ease. ciassicd neurolwycol signs uj[h functional

]mp~l:men[ ~>rs~]zure~ ul[hln [he 1~~[ 5 \eur>. The

pJLIe~.:~ hJd no[ rece]leci anticon~ulsant therap}
for JI ie.1>[ [uo >t~r~ prl~or [o :he lnl~)al ~Is;!

EJu~~::.~n.~~JrId :To[IL~riJ! t~diu.ttlt-,n, AtrC mJd~

I
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I
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b} the medical staff following usual clinical prJc-

[I~e, Four subjects were cJrL>pp~~ fr~rn (he j[ud} :

one moved. one suffered from In ~sthma attach

and was treated with bronchodi]~[~rs (In wolation
wi[h the pro[wol) and two were removed from [hc

SIUCIV due to medical complications unrelated to

study medication (both were taking placebo). The

fwt [h~l a child was currently recei~ing acxiemic

rerncdiai resistance or had recei’.ed ~u~h [utoring

in the p~st did not preclude entr> into [he stud}.

Procedures
Placebo and Pirauetam [rea[men[s were r.m-

clomly divided among 6 groups of 10 subJec:s.

cxh on a double-blind basis with the restriction

that there be equal numbers of eoch weatmcn[
within each of the 6 groups. P~[ients were then

assigned to one of the 6 groups on the basis oi
their age: that is. $year-olds were wsigned [~~
Group One. 9 years oids to Group Two. and ~~~

forth. When idl [he treatment medication had been

used up within a group, [he patwnt was assigned

to the group with the fewes[ members. Patwnts

received either 3.3 of Piracelam dailv 0r%Z37__

efore breakfast and wzain——
b~e=g~a~A=;&e of itctijc

me@a[ion contained 1.65 ~f Pir~cetam. XC

@ saxe adjustments were allowed.

The study consisted of 5>sits, An initial

screening visit usually occurred onc wtek prior to

the start of trea[ment. The mestrnen[ period was

12 weeks long. with follow-up visi[s af[er 2 weeks.
6 weeks. and 12 weeks of tre2unen[..A[week 4 Jnd

week 9, [he patient’s ~xren[s u“cre con[oc[<d to-- —.- ..

yfx’ review dosage instructions and [o deteim; ne

determine their eligibility. Hearing md visu~l

acuity tests were given. a dev<iopmental h]sto~

ttiken. IQ tes[ing was done as needed. ~nd the

Gilmore Oral Reading Test was also admlmstered

to provide a calculation of the Reading Quwiert[.

Assessment of education experience A emot]onal

he~lth w~s also performed at this [ime.

,4 complete phystcai e.xamln~[]on was per-

formed bv a physlci~n at the second or Induct]cn

was [~ken during [he second visit and ~bbre~ ia[ed

physic~l e~aminations were performed J( [he je~-

ond and sixth week visits, Observations for possi-

ble ad~erse effects and assessmen[ of gener~l heol[h
were emphasized. Laboratory evaluations were ob-

tained at the induction \ isit. the 6-week. md the

12-week visits. The l~boratory [ests included

hema[ologz. urinalysis and blood chemistry [o test

for possible adverse side-effects.

Tests
All 6 study centers followed the same prolocol

and used a common battery of tests to measure

drug efficacy. In addition. each site conducted

ddi[iorial “special studies’. Only cite results from

the common test batten and special study con-

ducted at [he San Diego site are reported in this

paper. The common test battery was administered

at the induction and final (week 12) visits. while

[he special study tests were given at the induction

and week 6 visit. At the San Diego Center. ail

testing for an individual patient was administered
by the same tester and took approximately I ~ h.

These tes[s included: the Gilmore Oral Reading

Test — Form C at [he initial visit and Form D at

the final visit —. Information for Reading Accu-
racy. Comprehension and Rate were included: [he

Digit Span subtest of the WISC-R. both digits

forwards and backwards administered t’ia ~ [ape

recording: the Gates- McKillop Syllabication sub-

test — Form 1 at the induction and Form 2 at the

12-ueek visi[: the Wide Range Achievement sub-

tcst for Spelling: a 5-rein free-writing sample wds

t~ken to include the total number of words. num-

ber of words misspelled md the number of occur-

rences of the most frequently written word: (he

Rapid Automatized Naming Test ( Denckla md

Rudel. 1976): a behavioral assessmen[ in the (est-
in.g sl[uatlon made at the induction and n-week

visits or-i a rating sc~le of 1 [o -1( 1 being excel len[.

4 being poor). measuring distrac[lbili[y from fol-

lowing instructions. social appropri~(eness. coop-

erativeness. ~[tention and general motor activitk:

~nd a parent’s global ~ssessment of [he child”s

behavior obtained At the 1~-week ~lsi[ on J r~tlng

sc~le oi 1–5. where 1 is much irr,proved ~nd 5 i>

much worse. considering their behavior J[ home.

interaction with peers ~nd j~hc)i.)1repor[s concern.
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< behavior and performance in evaluating the

ange from the start of the stud).

In addi[ion [o [hese common tests. we con-

c[ed additional special studies. Subjects were

en the Repetition Test.developed by Tallal

~80). with 3 sew of s[imuli: ( 1) non-verbal audi-

“Y tones (75 ms duration). differing in funda-
:n[al frequency: (2) non-verbal visual nonsense

lpes (75 ms duration): and (3) auditory s[op-

nsonant vowel syllables (ha/da) with 40 ms

ration formant transitions. The Repetition Test

~ been shown to be a highly sensitive measure of

-ceptual and memo~ functioning. In addition.

s [heoreticall} based on a model of perception

~ is comprised O( a series of subs[ests designed

assess levels of perception and memo~ in a

rarchical manner (see Tallai. 1980. for a detailed

,cription of these procedures). Four dependent

asures were made on each of the 3 versions of

Repetition Test. Subjec(s were scored for the

al number of correct trials. the number of cor-

[. ‘-—’s using in[erstimulus intervals (1S1’s) of

), rie number of trials using 1S1’s less than

) ms and the number of trials needed to reach

:enon. [mprovemen[s in [rials (o criterion scored

lica[e an increased rate of learning stimulus- re-
mse associations, Increases in scores on trials

h short 1S1’ssugges[ an improvement in rate of

wessing and temporal sequencing abilities.
provements in the longer 1S1 scores su~es[ an
rease in short-term and serial memory.

[n addition to these experimental perceptual

i memoq’ tests. subjec[s were also given the
ken Test (E)e Renzi and Vignolo. 1962) [o assess

eptive language comprehension skills and a
red associate visual memon [es[ designed for

> study. In the visual memory test the tester
[rutted the child by saving. ‘ I would like to see

\ well vou can remember different pairs of

[ures. I will show YOU IWO pictures. one after

other. Try to remember them as a pair that go

ether’, Testing[OOkplace in two parts. a learn-

and a recall section, During the learning sec-

]. children were prcsen[ed with pairs of pictures

ln:ed m a se[. Children were presen[ed wl~h
~ of 2. 4. 6 and [hen 8 pairs. If aichild success-
~ .F-[Ied a]] pairs ~vl[h)n a se:. [he~ moved IL1..-.
rt ,Izhc: j<! .ind u<re [es[cd. If an~ fallur~

occurred. the final (estlng tcmk place using the

next Iowes[ SC(: e.g., failure on set 6. final [esting

on set 5. During the lcarnlng p(vtion. children

were presented with pairs of pictures. one afler [he

other. until [he set was completed. Each pair was

presented for 3 s with an in[er[rial internal of [WO

seconds. Afler all of [he pictures in a set had been

presented. [he child-s recall abilities were tested in

the following us}: [he second picture of each pair
was grouped, mixed and then laid down on [he

table in front of the child. Cslng the same order as

presen[ed in the learning por[ion of the test. the

first picture of each pair was presented to the

child. and he was asked to find the plc[ure [hat

goes wi[h it among [he pictures laid dcmn on the

table in front of him. l_nis procedure uas cc,n-

tinued until all pictures had been matched.

Children were scrored for the total number of
correctly matched pictures. Improvements on [his

test suggest increases in \ isud learning and recall.

RESULTS

From the initial sampie of 61 children. 57 suc-

cessfully completed [he j[ud}. From this group.

two children had poor compliance during the last

6 weeks of [he clincial trial period (belou 70% as

measured from the rema]n!ng bottled medication).

ConsequentI>. [hey were removed from [he data

analysis leaving 55 children. 2S from [he pirace[am

treatment group and 27 in the placebo ~reatmen(

group.

Table 1 presen[s the demographic and baseline

charactenst}cs of the Piracetam and placebo treat-

ment groups. T-lest and ~: comparisons betu <en

[he two groups showed ne significant demographic

differences. \ote that a iu~gh percentage of [he

children were active!} rece:ilng remedla] ~u[orln~

for their reading prohicms ~c3. ~(J7 ).

Table 11 shows the basc!ine scores for the

Pirace(am- and piacebo-[reaied groups on the

common :.JI batte~. \ote tha( the Gilmore Or~l
Reading tes[ iia> sc.lred ,n :t~,l w3~ S. Ftr~t. lndi -

\ldual rex!ins 3bIlIl\ icr ~ccuraci. comprehen>lon

and ra[? was s~cred. SecJnd. because hi rciding
m~nre siLJwl\. .lccurac\ Jr,j ~.>m~rehenxi(lr. mJ\ ‘AC

Improiec or .i; e ‘.?:sJ. :-.,m?,~~;[e rC3Qdi 7,2 .L..~r:\
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were calculated to reflect the in[erac[lcm between

reading jp~ed. and r~~ding Jccurx> ~nd compre-

hension. .+ composite $~ore for “effe~:tie re~ding

dccu rac~’ was c~lcul~ted b> multlpl}lng [he per-

cen[~ge of words rcd correc!l} b) !he r?adin:

r~te. Slmil~riy. ‘cffcctlve reading comprehension’

scores were ci.dcula[cd by multlpl~~ng [he per-

cen[~ge ot’ correctl> answered comprehension

Lfues(lons by the reading rate (Jxhwn. 1980).

Scores ~re multiplied ralher Ihan ~ddeii toge[hcr.

be~~use they usc different units of measurement.

Composite reading scores are ~lu3> 5 2 posi[ive

number and reflec[ 3 child-s to(al reading effort.

T-rest comparisons be[ween groups ~t baseline

~h~~ed non-slgnlfic~nt difference on J]] but one
mcajur~, The plOCt DO :r~IuD performed ~ignifi -

ctiml> bet~er thm [he Plrwe[~m :rouc ~t btiseline

on the percen[~:e oi jpellln~ errors In [he free-
wrl(ing [es( (/ = 2.64. P <0.01 ). Thcrr were no

L>{her significwtt baseline differences

groups on [he common test bat[er>.

Table 111 gives the baseline scores

be[~teen

for the

PirmXtam- and piitcebo-[rested groups on [he ex-

perimental test batte~. T-test comparisons be-

tween groups at ba;eline again showed no signjii-

cant difference on dll bu[ one measure. The plscebo

group performed significantly betw than [he

Pir~cetam group on the Paired .\ssociate ~“isu~l

\femon Test Jt baseline (/ = 2.0. P < 0.05). There

were no other baseline differences on [he e.tperl -

men[al tes[ battery.

To assess the effect of drug treatment. the mean
change from baselinewascalculated for eachsub-
Jecton eachmeasure and then alcraged and com-

pared for each treatment group.

Table IV shows the mean change from baseline

(posttest-pretest scores) for each measure in [he

common testbatteryfor the Piracetam and placebo

groups. AS seen in Fig. 1 for individual reding

scores, the Piracetam group derncms[rated a s[a [is-
[ically significant improvement over the placebo
group (at the P <0.003 level of .lccuracy) on [heir

reading rate from the Gilmore test. The Piracetam
group increased their reading ~peed by almost 8

words per min ( - 10%) whereas the placebo group

decreased by 3 Words per min ( – 4% ). lea~ ing J

difference of almost 11 words per min be[ween the

-l@-
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,[ ,Idme P!ru( t’{llm Piuceho 1.(C51

Imorc oral reading

<ccuracy (grade rJ[mg] ].: 31 n.s.

Rtwltng comprthtnslon

(gradt rating} 4s 4.9 n.>

,Jtilng ra[t [word. m]nl ?6 9
. .
,,. 6 n >.

Im,ve compow(t rmdlng

:1 correct x rate I

%xurac} 6774,3 (!Ss: 9 n.s.

Comprehension 6646.3 (i6S3,.1 n.s.

gJl ,pan (scaled .c.>re] 71 -.. ,,- n.s.

iics-Vc Killop s~llablca[lon

ra u <ore J 11.6 !:] n.x.

.wd> wrrtten I IOIaj I 41.0 441 rl. i.

rcent of spelling errors 0 21.5 12.3 P< O013

(n color b 42. ? 46 ? n.s.

,n number k 31.4 35.0 n.>.
——

.n ‘-
–. 3j4 37 I n.s,

n obJecI b 61.3 65.0 n.s.

ne-tailed [es! of slgruf)cance. ~ rcduc~tiors in score mdtca[es Improvement

\BLE III

seltne scorex f“or thr PIroi cram ond placebo woupr on [Ac

?enmental ies[ bartcn

Jr name P!raceram Placetw f.les[

)rs-\erbal —

ual tes[

Long 1S1.s

Shorl 1S1”s

pwuon test —

Iabics

Long ISf’s

S.h<w IS I’.

pe[]tlon tesr —

n-~crbal audl[om

Long 1S1’s

Shon lS1’j

Lred ~.s,~ta,e

\temom test

,ken :<, [
p~~..- J
>,,

.

G:. YOREORAL i7EAD:NG
C3MP$51TE SCORES

PEF!CENTCORRECTX ‘JORDSPER fiIMUTC

I
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[UO groupj. This increase in reading speed for the

Pirwet~m group w aj accompanied by improved

reding accurm ond c~~mprehension. .d[hough

jim~lar golns were also found in the placebo group

~nd. thus. canno[ be ~m-ibed to drug effect. There

Aerc no signific~nt differences between groups cm

reading occurac} or comprehension.

Composite reading test scores shown in Fig. 2

demonstrate [h31 [he pirace~am group significant>

Impro\ed [heir cffec[i~e rcding by 16% during [he

course of the studl. on both [heir effec{lvc reading

accuracy and comprehension scores. whereas the

pix<bo group decre~sedon both composite read-
ln~ Scorej, This Jlfference In performance between

the [WO [rea[mm[ g~oupj UM highly Slgnlfican[

(effec:l~e re2ding Jc:urJc>. r = 3.4?. P < 0.001:

effec:)~e re~ding ccmpr<hensmrt. I = 2.98. P <
IJ,Ij@).

.% comparison of composite and individu~i

reading scores reveals that although the placebc

group did incre~se in their reading mxuracy ~nti

comprehension [his was accomplished at the ex-

pense of their reading speed which decremtd. pro-

ducing veryIitdeeffee[ivechange[n(heiroverall
reading performance. The Piracetam group. on the

other hand. not only improved their reading accu-

racy and comprehension but also simul[aneousl>
was able to increase [heir reading rate, This re-

sulted in significmt gains in [heir overall readin~

performance.

Fig. 3 shows that on the Free-W rrting Tes~.

both groups showed an increase in the total num-

ber of words written. The Piracetom group Im-
proved ] ~% whereas the pi~cebo group jh~~e~

only a 5T gain. ~ithough [his difference +~~ ncr

st~[lsticaily significant. The Pir~L t[~m gr~up. how -
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‘OTAL w)RoS UR1T7EN PERCENTAGEff
SPELLING ERRCXK

3 Percentage of change from baseline (posuest mmus

lest scores) made by [he Pirace!am and placebo [rea[menl

ups are shown for the S-mln [ree-witlng sample. The mtal

nber of words wr!ten m ~ msn b) each [reatment -uoup. a>

I as the percentage of spelling errors are graphed.

.-. .

:r. UNI show significant improvement over the
Icebo group in the accuracy of thetr spelling

< 0,008). The Piracetam group decreased the

-centage of spelling errors (number of errors,i
al words written) by 4% whereas [he placebo

NIp Increased in spelling errors by over 7F.

ese figures change. however, if one placebo ‘ou[-

r’ subject.who scored well above the rest of the

~up (83% ). is removed from the analysis. Then

: placebo group shows only a 4.5% increase In

41ing errors ( P < 0.02). Nevertheless. the wends

nain the same. Overall. the Piracetam group not

l} increased in their wrl[ing speed. bu[ also

proved in their spelling accuracy. The placebo
MIp”s increase in writing speed. however. was

‘se[ b} additional spelling errors.

4nal}sts of the mean change from basellne

-e[est-posttest scores) for each measure in the

perimental test bat[e~ for the Plrace[am and
~cebo groups showed [ha[ there were no stgnlfi -

n[ differences found between treatmenl groups
an\ O( [he experlmentfil perceptual, memor} or

lgu~g~ me~Sures glen,
{

R~tj from labora~,~~ s’.alua[ion> ~f bl~od

e~- hema[olo:y JPd urln~! .SIS were ccln-
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sis[ent ul; n previous findings. showing no signifi-

cant medl:al abnormali[im among the Plracetam -
[rea[ed su5Jec:s. The double-blind rating of drug

tolerance b} [he ph~ jiCi~n indicated that Pi race-

tam was uell-[cderated b) the children {mean ra[-

ing=l.1 I z 0.1 ). 1 excellent. 4 poor). Except for

the onc child who suffered from an as(hma attack.
all the cluldren who Mere treated with Piracetam

remalneci hcal[h~.

DISCCSSIO\

Thcx results confirm su~meof the pre~ ious find-
ln~~ ~)f \\ IIsher e[ a]. ( 19S4) [ha[ Piracetam in-

crewes [h,: ra[t of reading and of writing accurac}.
The amount of changes found in this present stud>
are comp~rable [o the resul[s obtained by Wilsher.

In Wil~her’~ 8-week study. subjects impnmed their

reading rztc b> 5’7. The amount of change found
[n th~ prtscn[ IJ-ueek s[ud} is proportional m

W’ilsher”s clata wi[h a 10< Impro\,ement in reading

rate. Tlvs finding. seen m the light of Wilsher”s

previous data. suggests that the degree of Pirace-

[am-lncfuctd improvement in reading and writing
ma~ lx reia[ed to the durotion of trea[ment. Hcw-
e~er. Improt ement o~er time was not assessed

direct]: in the present stud~. Additional studies
will b< n~essam to establish the effects of dose-

ciuratldn. -

The presentstud>failed[oconfirmWilsher’s
previous findings of drug-improved reading accu-

rac). The !ack of imprwemen[ may be clue in part

[o some 1en largeplacebo responders: in fact. lhe

largest Improsemen[ in reading accurac} (79? )
was f~>und [n J member oi the placebo group,

Subs[antlal changes in reading accuracy and

cornprc!wns]on ablli[y occurred over [he course of

[he s[ud~ for man~ of [he d\sle\Ic children in both

[he Pi~~~~:~m- and plw-ebo-trea[ed groups. This
was sorneuha[ unexpected as [he reading s~ills of

d’ slexlc chlitiren as 3 group ore knoun [0 be

dlfficul[ [o remeciiate. Tinese m~rked changes in

re~d}ng <ugge~[ [ha[ p<rhap~ [he a[tentlon ~nd
p~>][l,e :t:niorc:men[ y~:n t.> [he children In [hr

sIuL1. [ozt:h~: mlth the t.xprc>iad ~wsl of helptng
:hem :T,;:~\e :h~lr rr.Idir.~ ~i,;il h> using J untqut

irle:.n,’d. : ~.~:;~~:!,ln ~~d~~ ~,. ;he ~m~r,l~emenl
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mdde. 1[ [s O( conslder~b]e in[erest tho[ [he im-

provements no[ed in the placebo- [re~ted gr~’up

mirror [he instructions given lo [hem on re~di~:

~nci wrltlng [~$[j.

On [he Gllmore reading [ejt children were !~~id

w red [he passages M WCII as they could. .A[-

[hough [he chl]i-iren on placebo did improve their

reading ~ccuracy and comprchertwon. as in-

~truc:d [o do. tjhev did so bv Jow[ng down their
r~[e of reading {o\er [hetr bas<line reding ra[e~ [o

~chiete [his improvement. Thus. [hey had 10 lc~~e

ground in ra[e In order 10 gain it in Iccurlcy ~nd

comprehensmn. The dyslexics on Pirwmm. ~>n

[he other h~nd. did not need to resort to this

~tro[egy to ~chwve improvement in reading accu -

rwy and comprehension. Ra[her. they were able to

significandy increase their reading rate M well JS

their accuracy and comprehension over their ocgl-

nal baseline performance. That is. [hey did rmt

have to lose ground in order [o gain ground. Tney

gained bo[h speed and impro~ed uxuracy ~nd

comprehension over the course of the ~tudy. The

percentages of subJects in [he Piracetam Jrsd

placebo treatment groups jhowing gains ~nd losses

in reoding accuracy and rate ~re shown in Fig. 4.

On [he %ritmg s~mple subjects were told [0

3. -

wri[e ~j much w they could during ~ specified !

[ime-peric+i. The placebo-treated children did just ~

[hat. They increased [he number of words written ;
oter the:r original baseline performance. However.

~~ uas ftwnd in reading. they made this Sain Jt [he

e\pensc of something else. in this case ~n in-

creased number of spelling errors. The dyslexics
on Piracewm did not show this . Iose-[o-gairr” pat-

tern. R~ther. they incrwed both the number of
words u ri[m as well M decreasing the number O(

spelling mrors they made. Even though the only

significon[ difference between groups noted a[

bmeline was the number of spelling errors rode.
w itlt [he Piracetam group making more errors thiin

the placebo group. by the end of the study this

order u as reversed. The Piracetam group made
fewer spelling errors than the placebo group.

Some of the measures in the special perceptual.
memor> and receptive language studies suffered
from celling effects. as most of the subjects found

[hese tes[s [o be relatively easy. indicating w.ie-

qua[e perceptual. memory and language abilities

for the:r age. Most of the subjects performed at

the top of the scale on all subtests of the Repe-

tition T<s[ as well as on all 5 parts of the Token

Tes[. indicating normal perception and recepuw

language abilities at the onset of the study. hence
leaving little room for improvement. Only 4 sub-

jects scored It least one standard devia~ion bekw

the mean on theToken rest.su~gestingthat\lat-

[ise[ ~1.’j(1975)language disordersynciromewas

poorly represented inthisdyslexicsample.Sub-

jects Jlw scored hi-tily on perceptual sub~ests ot’

all 3 Repetition Tests. indicating that they h~cl no

difficull} m discriminating between [he di!~eren[

audi[o~ or ~isualstimuli.A subgroup of 19 sub-

jects did have difficulty discriminating between the

[WO computer-svn[hesized speech syllables /ha/

and , J3 ; with 40 ms formmt trmsitions. On [he

Repell[lon Test however. perhaps due to the ver>

small $~mple size. a Xl-test indicated no signifi-

cant dtifercnces between Piracetam and placebo

groups cm [IUS tes[. Contrary to previous findings

( Dimond. i9~5: Wilsher et a].. 1979). SubjeC1~

[aklng Pir2ce1am did not Uemonstra[e S[3tistlc311’v

jlgnlfic~n[ Impro\-ements in their shor[-term .ind

~erlal mem~vy skills. although some differences

be[ween non-verbal and verbal stimuli were found.

s-%
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sing non-~ erbal stimuli. trea[menr groups showed

1 significant differences on [he total number of

,rrect s[imulus series recalled in [he audito~

odahtt of the Repetiuon Te>[. In the ~isuul
odalit}. subjec[s on placebo found it easier lo

tail [he proper sequence of [he visual nonsense-

aped s[imuli.asdemons[ra[edby their improved

ores for to[ai correct trials wi[h long 1S1’s. In
)ntrast. when [est i[erns could be verbally re-

ursed. as [n the Paired Associate Visual .Memor>

:s[. which used namable pictures as s[imuli. and

e Digi[ Span sub[ests. the Piracetam-trealed

oup”s mean final performance and change from
lseline was almos[ rwlce tha[ of lhe placebo

~,up ~>n bO(h [~sts ( Fig. 5), The difference be-

.een groups. however. was no! statistically sig-

ficant in el[hcr case. These [rends [oward im-

“oved memo~ for \erbail> mediated ma~erial

Jg.gesl that a significant Improvement in verbal
lemon scores might be realized with a larger

Imple size. a longer durat)cm drug ma]. or more

msitive measures. In adcli[ion. Piracelam”s effect

n .+’%or~ could be mediated by drug-dosage. A

~rS :.g. 4800 mg,’da} ) dosage migh~ produce

gnificant results. since previous findings used a
osage in this range.

60.
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This pat[ern of results calls for a much closer

examination of the differen[ stages of memory tha[
mav be Sffected b>- Piracetam. FuIur< studies.

should examine possible material. specific effec[s

of Piracetam on various memor} components. such

as working capacity. rehearsal strategies. retrieval.

re[en[ion and recall. In addition. the questions of

dosage-dependen[ memory effects should be in-

vestigated.

subject selection procedures ma} 31s0 have im-

portant implications for drug studies with dysle~)c

children. Several different subgroups of reading-

or language-impaired children. exhibiting different

profiles in the areas of perceptual. memory and

Ianguag? functions. have been ciescnbed (we Tallal

and Stark. 1982, for review). Baseiine [~~[ scores
sugges[ lha[ [he malorit~ of reading-impaired

children participating in \his stud! did not ha~<

significant perceptual. memo~ or receptive lan-

guage deficits associated with their reading disabil-
ity, Thus. it was difficult to assess [he poten[isl

therapeutic efficac} of Piracetam in mating such

deficits in the present stud). In order [o be[[er
assess Plracemm’s abili[y to effect perceptual.

memon or recepti~’e language deficits. 1[ will be

important [o select a group of reading- or Ian-

guage-impaired children who show significant def-

icits in these arem at baseline testing. Compari-

sons between different subgroups of re~ding-lm-
paired children. selected on the basis of specified

behavioral profiles. may be sn important factor in

assessing [he effects of nootropils on le~rning- Snd

language-impaired children.

In summa~. Piracetlm appe3rs to improle

verbal fluency. as demonstrated b} incrcised rat<s

of resoling and wn[ing accursc>. These [rend>

encourage a po[ential role for Plrsce[~m in the

clinical remediation of dyslexia. allhough quest iotls

abou[ drug-dosage. duration of treatment. possible

in[ersc[ion wilh other remedial procedures. cfif-

ferenllal effects on various Subgrcwpj oi learnlng-

impmred children and selectivity of drug- respon>e

remain unanswered. Some of these [~su<>~re bein~
invest lga[ed presenlly.

One finalno[e of csutmn — yien [he numhcr
of anal~ses pcrformeci. some oi :ne resul[s L~h-

[ained c,~uld be Interpreted M ch~nct ~~~currtnc:~
Sel<c[i\e replic~~lun of (hew flnd:r,;~ u.:h J CiI;f~r-

,

I

I

I

I

I



ert[ group of dyslexic children is necessary 10
valicia[e these results.
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The Effects of Nootropics on Memory:
New Aspects for Basic Research
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summary

The mechanism through which nootropia of
he piraeetam type (i.e., piracetam itself and its analogues ox-
racetam, pramiraeetam, and aniracetam) improve memory
s still uncertain. Its elucidation will, however, not only mark
m advance in the treatment of cognitive disorders, but also
hed light on the basic processes of memory storage. Al-
hough the great majority of the findings availabie so far
eem to suggest cholinergic mechanisms, divergent results
m obtained whenever parallel experiments are performed
vith two or more of these compounds. More recent observa-
tionsindicate that inlet-actions with steroids take place. All
msrcompounds are inactive in adrenaleetomized laboratory
nimals; chemieal blockade of the adrenal cortex with
minoglutethimide and pretreatment with epoxymexrenon,

potent mineraloeorticoid antagonist, eradicated the
lemoty+mhaneing effecl of all four substatws.

Tlte elucidation of biochemical bases and the
regulation of memory is one of the greatest challenges in neu-
robiology. It is therefore hardly surprising that every year
hundreds of papers are published dealing with some particu-
lar facet of memory. Our knowledge of the subjeet matter in-
creasesalmost daily,butmore inwidththan in depth. We now
know of many transmitters, receptors, and modulators that
play some part in memory processing; but each new finding is
soon relativized by the realization that it is not generally valid,
but simply sometimes true under certain limiting conditions.
In this field, progress tends to follow the cfiseovery of a new
pharmacological tool, e.g., a new speeific receptor blocker or
activator, or an enzyme inhibitor. Consequently, the prevalent
method in efforts to identify the mechanisms and the neuronal
networks operative in memoryprocessing relies on the testing
of mechanistically speeific preparations for potential effects
m-rmemory in animal models. For example, the ?JMDA block-
ers (NIK 80 i, AP5, and AF7) that recently became available

_—_
encouraged studies of the influen~ of NMDA blockade on.= -.

Phannacopsychiat. 22 (1989) 102-106 (Supplement)
0 GeorgThieme Verlag Stuttgart New York

Wirkungen der Nootropika auf das Gediichtnis:
Neue Aspekte fur die Grundlagenforschung

Es besteht noch immer keine GewiBheit dat-iib-
er, auf welche Weise die Nootropika des Pirae-etamtyps
(Piracetam und dessen Analogverbindungen Oxiraeetam,
Pramiraeetam und Aniraeetam) das Ged&htnis verbessem.
Die KL%ungdieser Frage vviirdenicht nur einen Fortschritt
bei der Behandlung kognitiver StrXungen darstellen, son-
dem such die der Gediichtnisspeicherung zugrundeliegen-
denVorg/ingeerhellen.Obwohl die groBe Mehtzahl der bis-
lang verfiigbaren Befunde auf cholinergische Mechanismen
hinweisen, werden widerspriichliche Ergebnisse etzielt, so-
bald parallele Experiment mit zwei oder mehreren dieser
Verbindungen durchgefiihrt werden. Neuere Beobachtun-
gen scheinen auf Wechselwirkungen mit Steroiden hinzu-
deuten: alle vier Verbindungen sind bei adrenalektomierten
Labortieren unwirksarn: sowohl eine chemische Blockie-
rungder Nebennierenrinde durch Aminoglutethimid als
such eine Vorbehandlung mit Epoxymexrenon (einempo-
tenten Mineralokortikoidantagonisten)blockiene die ge-
dachtnisverbessemdeWlrkungallertier Substanzen.

learning and-memory and speculation about the possible in-
volvement of this type of receptor in memory processing( ,Mor-
riret al., [986). In the meantime, it has become evident that the
responses seen under NMDA blockade only apply in certain
circumstances and to certain processes of memory (Morr-
dadotiet al., 1989). Thus, while the assortment of transmitters
in@ved in memory processing increases, that does nothing to
alter the fact that almost every pharmacological manipulation
of the CNS has some influence on certain, though not all,
forms of learning and memory (Morrdadori, 1987).

The opposite way of seeking insight into the

processes of memory consists in characterizing biochemically
the substances known toaffectmemory, and then attempting
to correlate certain components of their biochemical profile
with their effeet on memory, The memory-blocking effects of
wrtain antibiotics such as puromycin, anisomycin, and eyclo-
heximide, for instance, inspired a very large number of studies
of the possible relations between inhibition of protein synthe-
sis - scientifically the most appealing aspect - and memory
(for a review see, for example, Davies and Squire, 1984). The
underlying mode of action has, however, always remained
conjectural, because these antibiotics exert many other known

-.
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. effects (see, for example, 17exner and Goodman, 1975; Rain-
S%W et al., 1979) and quite probably just as many other urt-

lown effects (hat might equally well be responsible forthe
disturbanceof memory, or at least contribute to it. The possi-
bility that the known biochemical effect under scrutiny may
not be responsible for the observed effect on memory, or that
that effect may be due to the interplay of severzddiscrete ef-
fects, must always be taken into consideration, even in studies
using the abovmentioned “specific tools”: failure to do so
makes false conclusions unavoidable,

One practicable and valid approach to the ex-
perimental investigation of mechanisms underlying memory
storage, or the regulation of memory storage, maybe afforded
by the piracetam-like nootropics. These are interesting prep-
arations, above all because they exert distinct, positive effects
on various manifestations of memory, yet provoke few or no
side-effects. The fact that they have so far been found to dis-
play scarcely any effects in most of the traditional assays used
in biochemistry laboratories may make them appear all the
more or all the less attractive, depending on the viewpoint of
the observer. If, however, as has already been suggested (Giur-
gea, 1973, 1982), they do act specifically on cognitive
processes or on the structures and mechanisms responsible for
cognitive processes, then the elucidation of their mode of ac-
tion might represent a verysignificantadvance.Thefollowing
remarks,illustratedby a selection ofexperimental observa-
tions, will be concerned with theprogress made to date along
this line of research and the possibilities emerging from it..-..

Neurophannaeologieal ftiings

The first experimentally demonstrable effect
of piracetam, the prototype substance, on the CNS was inhibi-
tion of central nystagmus in the rabbit ( Giwgea et al., 1967), In
retrospect,however, the vast majority of the experimental pre-
clinical findings seem to be indicative of effects on cognitive
processes, in particular on learning and memory in a very wide
variety of forms. Piracetam, for instance, diminishes the dis-
ruptive effect of a cerebral electroshock on the orientation of
rats in a water maze (Giurgea and MouravieJTkuisse, 1972).
Many other authors have also observed anti-amnestic effects
of piracetam and related substances: distinct protective effects
against the disturbance of memory following cerebral electro-
shocks in passive- and active-avoidance tests on mice and rats
were noted by Cumin et al. (1982) after treatment with
aniracetam and piracetam, and by Mondadori et al, (1986)
after treatment with oxiracetam and piracetam, Sara (1980)
observed similar responses to etiracetam. Buder et al. (1987)
described anti-amnestic effects of a whole series of piraeetam
analogues, including pramiracetam. Numerous observations
have also been made of direct positive effects on learning and
memory: aniracetam and piracetam ( Yamada et al., 1985;
W’ohhuis, 197 I ), etiracetam (Sara, 1980) and oxiracetam
(Momfadon’et al., 1986) were found to exert direct effects on
acquisition and retention performance in rats and mice in pas-

_~ive- and acti~,e-avoidance paradigms: pramiracetam in-

“’easedtheacquisitionrateina 16-armedradialmaze (Murray

.nd Fibiger, 1986) and in a place navigation test (Morris maze)
( Powhelel al., 1985); positive effects of aniracetam were dem-
onstrated in matching-to-sample tests( F’onrecowoet al., 1985).
All these findings are supplemented and indirectly supported
by observations of a facilitating effect of piracetam on inter-

hemisphericaltransfer(Buresova and llures, 1976), on
augmentation of paradoxical sleep in rats ( Wetzei, 1985), on
increased theta power in the hippocampal EEG, and on a re-
duction in the power of cortical slow waves (Poschel et al.,
1985).

Interesting and biochemically inexplicable ob-
servations indicate that both piracetam and oxiracetam inten-
sify the anticonvulsive effects of anti-epileptics such as car-
bamazepine (h40ndadon” et al., 1984; Mondadon’ and
Schmutz, 1986; Hawkinsand Meflanby, 1986).

B*mieal effects of piraeetam-
Iike ❑ootropies

There are relatively few data available on the
biochemid effects of the piracetam-like nootropics. For a
long time, the observation by Nickofsonand Wohhwk ( 1976)
that piracetam stimulates adenylate kinase activity was the
sole measured biochemical effect. Woelk( 1979)then showed
that piracetam increased the incorporation of 32P in
phosphatidylinositol and phosphatidyl chloride in glia cells
and neurons. Grau etal. (1987)reported an increase in glucose
utilization under hypoxic conditions and accelerated recovery
of the EEG. Poschel et al. (1983) demonstrated that neither
pimcetam nor pramiracetam bound to muscarinic cholinergic
receptors: nor did binding occur in a dopamine assay with
haloperidol. The uptake of GABA and serotonin was not af-
fected by piracetam or by pramiraeetam. l%gsleyet al. (1983)
found no evidence of activity in traditional pharmacological
assays. No effects were detectable on the concentrations of
nor-adrenaline, dopamine, 5-HT, or 5-HIAA in the cortex or
midbrain of the rat. At very high dos~ (200 mglkg i.p.),
piraeetam increased striatal HV without affecting DA levels,
indicating that it augments the turnover of DA. Pramiracetam,
however, did not increase DA turnover. Receptor assays re-
vealed no affinity of either piracetam or pramiracetam for DA
muscarinic, alpha 1,2- and beta 1,2-adrenergic, 5-HT1-, 5-
HT~-,GABA adenosine, and benzodiazepine receptors. On
the other hand, it was shown ( f%gsfey et al., 1983; Shih and
Pugsky, [985) that pramiracetam increased high-afinity cho-
line uptake into hippocampal synaptosomes. The effective
doses were 44 and 88 mgikg i.p.: neither higher nor lower
doses were active. Surprisingly enough, piracetam at 100 and
300 mg/kg and aniracetam between 10 and 200 mg/kg both
had no effect on high-affini[y choline uptake. These results
with piracetam are slightly at variance with the observations
reported by Peda/a et al. (1984). These latter authors found
that both oxiracetam and piracetam exerted positive effects on
high-affinity choline uptake in the rat cortex and hippocam-
pus The discrepancy may have been due to the timing of the
determinations.

The above cholinergic effects are supple-
mented by findings made by Spignoli and Pepeu(1986) which
demonstrated that oxiracetam prevented the decrease in the
acetylcholine content of the cortex and hippocampus induced
t,~ cerebral electroshock treatment (piracetam was inactive).
Further obsenations show that piracetam reduces
scopolamine-induced amnesia (F+ercey et al., 1987) and, ac-
cording to one interesting report (F’dchand Miifler, 1988), ele-
\ates the muscm-inic cholinergic receptor densitj in the frontal
cortex of aged rats.
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Taken as a whole, this selection of findings
mightat first glance give the impression that the pirace(am-like
nootropics aet by way of cholinergic mechanisms. This con-
clusion is all the more plausible because there is a very large
bodyofliterature on the significance of cholinergic mecha-
nisms in teaming and memory (see, for example, Drachman,
1978; Bartus, 1980). Oncloserscrutiny of the available results,
however, it becomes plainly evident that there is not one single
report in which several piracetam-like nootropics tested con-
currently have actually been found to produce the same ef-
fects. The observed effects, insofar as they have been studied,
are not common to all nootropics (Wtih and Pugsfey, 1985:
Spigno/i and Pepeu, 1986). Considering their similarity in
struaure as wellas in their pharmacological profiles of activity
on learning and memory, it seems quite likely (or at least quite
possible) that all representatives of this class modulate
memory via the same mechanism. Failing any definite evi-
dence to the contra~, this is wtainly reason enough to con-
tinue the search for one common mechanism of action shared
by all the substances belonging to this class.

Aresteroids involvedin the mediation
of nootropic effeets?

Even if allowance is made for indi”ridualvaria-
tions dependent on their particular pharrnacd.inetics, it is still
true to say that whenever neuropharmacologieal agents are ad-
ministered systemically the brain is flooded with aaive sub-
stance. One may well wonder what chance there is of im-
proving tie performance of such a complex and finely tuned

_—-T organ by so crude a method. On the other hand, there are in-
dications pointing to the existenee of endogenous physiologi-
cal mechanisms that can, under certain circumstances,
heigthen the performance of the memory: flash-bulb memo-
ries (seee.g. Brows and Kt.dik, 1977), i.e. abnormally sharp rec-
ollections of certain events mostly associated with highly
emotional states, are a good example. If such mechanisms do
in fact exist, then they obviously deserve to be regarded as
potential targets for pharmacological interventions. In this
contex~accountmust also be takenof the possibilitythat the
seiective physiological activation of certain neuronal mecha-
nisms in the brain proceeds via peripheral mediators. Nor can
one simply dismiss the further possibility that the memory
facilitation induced by nootropic drugs may come about
through modulation of such processes. Since the pituitary-
adrenal axis plays a significant part in emotional states, it
seemed impotlant to find out whether piracetam-like nootrop-
ics retained their activities in adrenalectomized animals. They
did not: oxiracetam, piracetam, aniracetam, and pra-
rniracetam showed no memory+ mhancirrg effects in
adrenalectomized mice (A40ndadori and Pemhke. 1987). A
series of funher studies proved that the blockade of their ac-
tivities was not an effect of dosage: even significantly higher
doses of the nootropics were ineffective after adrenalectomy
(Mondadori, Ducret and Perschh, 1989, in press); Accord-
ingly, the next question was whether the produas of the
adrenal medulla or of the cortex are the critical components in
the activity of nootropies. To answer that question the animals

_— were pretreated with aminoglutethimide, which is an inhibitor-.
of several cytochrome-P450 -mediated hydroxylation steps in
steroid biosynthesis in the adrenal cortex: e.g. 18-hydroxyla-
tion of corticosterone (i.e. aldosterone biosynthesis), side-
chain cleavage (i.e. conversion of cholesterol to preg-

nenolone), and 11-hydroxylation (i.e. glucocorticoid bio-
synthesis) (for a review see Santen et al., 1981). Exactly as
adrenalectomy, this pretreatment rendered the four
piraeetam-like nootropi~ inactive. Aminoglutethimide itself
had no effects on the retention performance of the mice. These
data provided the first indication of the involvement of prod-
ucts of the adrenal wrtex in the mediation of the effects of the
piracetam-like nootropica. It must be conceded that amino-
glutethimide is not entirely devoid of effeas on the adrenal
medulla: increases in catecholamine levels have been ob-
served (Duck-worrh and KirabcAi, 197 I). Toexclude this possi-
bility, mice were pretreated with epoxymexrenon. Pretreat-
ment with this specific mineralocorticoid antagonist (de Gas-
paro et al., 1987) gave similar results: the memoryathancing
effects of the piracetam-like nootropics were completely
btocked; and again the drug itself had no effect on memory.
These findings prove that steroids can play a role in the media-
tion of nootropic effeets. Furthermore, these were the first
pharmacological experiments in which all four prototype sub-
stances behaved in exactly the same way. (Mondadori et al,
1989,in press)

It is interesting to note that cettain other sub-
stances also lose their memory-modulating activities in the ab-
sence of !he adrenals: e.g. amphetamine and hydroxyam-
phetamine (Mafi”nt’zetal., 1980)and vasopressin (Bore//et al.,
1983). However,the effeas of these drugs appear to be de-
pendent on the function of the adrenal medulla.

Although autorzadiographic studies of the rat
brain give the impression that oxiraeetam does not readily
penetrate the blood-brain barrier (Mondadoti and Petschke,
1987), the above-mentioned findings as a whole cannot be
taken as evidence that the piracetam-like nootropies act pe-
ripherally. Amongst various other possible mechanisms (see
also Morrdadon”and Perschke, 1987), it is conceivable that acti-
vation of steroid receptors in the brain may be a prerequisite
for the efficacy of the piracetam-like nootropics; in other
words, steroids may mediate the action of nootropics on
memory. The cortvemeis equally plausible, i.e. that these prep-
arations directly or indirectly modulate the effects of certain
steroids on memory. There is ample evidence to show that
steroids can exert an influencs on memory (see for example,
Micheau et al., 1985; Bohus and de Kloet, 1981). A new facet
emerging from the authors’ experiments is that aldosterone-re-
ceptor-mediated activity may play a part in memory pro-
cessingorits regulation.

How these effects come about is unclear; but
extrapolation from findings on the peripheral effects of
steroids discloses a particularly fascinating aspect. It has been
demonstrated that in various organs steroids affect specific
gene expression by mod .,ii?g[herate01”transcriptionofJ
specific set of genes ( Yamamoto, 1985; Schtitz, 1988). It
would therefore be extremely interesting to know whether
piracetam-like nootropics can exert direct effects on gene tran-
scription, or modulate the action of steroids on gene transcrip
tion. There are already a number of publications on the effects
of steroids on protein synthesis (Arenamfer and Val/is, 1980;
Ergen et al., 1980; Nes/leret al., 198I ; Mifewnic et al., 1986).
Since it is known that protein synthesis plays an important part
in the formation of memory traces (for a review see Davies and
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‘ Squire, 1984), it is conceivablethatnootropicsmay improve
.-emery viamodulationofproteinsynthesis.

The present observations, which suggest that
steroids may be involved in the mediation of the nootropic ac-
tion of the piracetam derivatives, do not contradia the re-
ported findings on their cholinergiceffeas,sincethepossi-
bility that steroids may interaa with cholinergic mechanisms
cannot simply be dismissed.
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Picamilon appears to be more effective than Hydergine or vinpocetin  in
improving blood flow to the cerebral vessels. Picarnilon  readily crosses the
blood-brain barrier to protect neurons against the effects of diminished
oxygen flow. It also produces cognitive-enhancing effects.

The combination of these effects provides an entirely new method of dealing
safely with several causes of neurological aging. Picamilon is approved as a
pharmaceutical product in Russia, but is really a vitamin-like compound
consisting of a niacin analog (n-nicotinoyl)  uniquely bonded to GABA
(gamma arninobutyric  acid). When niacin is bound to GAB&  it creates a
molecule that readily penetrates the blood-brain barrier to enhance cerebral
and peripheral circulation. What enables picamilon  to work so well is the
synergism between the niacin and GABA molecules.

Suggested dose: One tablet, two to three times a day
If cognitive enhancing results do not occur in 30 days, double the dose.

Piracetam is a derivative of the amino acid GABA that increases the
sensitivity of receptors in the brain involved in memory and learning.
Piracetam is called a nootropic drug because of its ability to enhance the
mind. Studies in both animals and humans have demonstrated that Piracetam
can improve memory, increase attention and cognition, improve spatial
learning, and enhance motor mechanisms, Piracetam  is one of the most
popular “smart drugs” that is used to increase intelligence, information
processing ability, concentration, memofy, and creativity. It has been shown
to harmonize and synchronize the spheres of the brain by anchoring
information within the brain

Suggested dose: Piracetam should be used in doses ranging from 1600 to
2400 mg a day taken first thing in the morning.

Retin A is a highly publicized vitamin A derivative that stimulates skin cell
renewal, increasing the creation of youthfhl  cells at the skin’s surface, Retin A
may produce side effects such as minor irritation. People using Retin A
should stay out of the sun and use a sunblock  for normal sunlight exposure,
because Retin A increases skin sensitivity to sunlight.

http: //lef. org/cgi-locaUshop  pl/page=offshore.  html 3/10/98
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Piracetarn-induced changes in the functional activity of neurons as a
possible mechanism for the effects of nootropic agents.

Verbnyi YaI; Derzhink LP; Mogilevsldi AYa

Physical-Technical Imw Temperature Institute, National Academy of
Sciences of Ukraine, Khar’kov.

Neurosci Behav Physiol 1996 Nov-Dec;26(6):507-15

97173873

Studies were carried out on the effects of piracetam (4-20 mM) on the
electrical activity of identified neurons in the isolated central nervous
system of the pond snail in conditions of singleelectrode intracellular
stimulation and recording. Piracetam-induced changes were seen in
60-70V0 of the neurons studied. Different parameters showed different
sensitivities to piracetam: the most frequent changes were in the action
potential generation threshold, the slope and shape of the steady-state
voltage-current characteristics of neuron membranes, and the appearance
of piracetam-induced transmembrane ion currents. Nifedipine and
cadmium ions, both of which are calcium channel blockers, generally
reversed or weakened the effects of piracetam on the changes seen in test
cells. This indicates that the effects of piracetam mudt from its action on
calcium channels; selective changes in edciunr channels may determine
which piracetam-inducedef?kts appear at the adlntar Ievck It is
hypothesized that the piracetam-sensitive celluhr plasticity mechanisms
may make a significant contribution to its nootropic action at the
behavioral level
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Nootropic drugs and brain cholinergic mechanisms.

Pepeu G; Spignoli G

Department of Preclinical and Clinical Pharmacology, University of
Florence, Italy.

Prog Neuropsychopharmacol Biol Psychiatry 1989; 13 Suppl:S77-88

90139561

1. This review has two aims: firs~ to marshal and discuss evidences
demonstrating an interaction between nootropic drugs and brain
cholinergie mechanisms: second, to define the rdationship between tlm
efkcts on cbolineqgic mechanisms and the cognitive process. 2. Direct or
indirect evidences indicating an activation of cholinergic mechanisms exist
for pyrrolidinone derivatives including piracetam, oxiracetam, aniracetam,
pyroglutamic acid, tenilsetam and pramiracetam and for miscellaneous
chemical structures such as vinpocetine, naioxone, ebiratide and
phosphatidylserine. AU these drugs prevent or revert scopolamine-induced
disruption of several learning and memory paradigms in animal and man.
3. Some of the pyrrolidinone derivatives also prevent amnesia associated
with inhibition of acetylcholine synthesis brought about by hemicholinium.
Oxiracetam prevents the deerease in brain acetylcholine and amnesia
caused by electroconvulsive shock Oxiracetam, aniracetam and
pyroglutamic acid prevent brain acetylcholine decrease and amnesia
induced by scopolamine. Comparable bell-shaped doseeffect relationships
result for both actions. Phosphatidylserine restores acetylcholine synthesis
and conditioned responses in aging rats. 4. Tbe ~ through which
the action on cholinergic systems might take place, including stimulation of
the high aff’inity choline uptakq are discussed. The information available
are not yet sutlicient to define at which steps of the cognitive process the
action on cholinergic system plays a role and which are the influences of
the changes in cholinergic function on other neurochemical mechanisms of
learning and memory.
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Piracetam elevates muscarinic cholinergic receptor density in the frontal
cortex of aged but not of young mice.

Pilch H; Muller WE

Psychopharmacological Laboratory, Central Institute of Mental Health,
Mannheim, Federal Republic of Germany.

Psychopharmacology (Bed) 1988; 94(1):74-8

88158509

Chronic treatment (2 weeks) with piraee4s @9@_ ~d~ ~)
eimttrd m-cholinoceptor density in the frontal cortex of aged (18 mtmtlts)
female mice by about ~ but had no efKtct on meholinoceptor
density h the frontal cortex of young (4 weeks) mice. The effect of
piracetam on m-cholinoceptor density as determined by the specific
binding of tritiated QNB was ❑ot affected by concomitant daily treatment
with either choline (200 mg/kg) or scopolamine (4 mg/kg). It is concluded
that the effectofp” ~ 011m-cholinocepter dewiity could explain the
po-e eff” which have been reported for combinations of cholinergic
precumor treatment with piracetam on memory and other cogrddve
functions in aged experimental animals and patienta and could also
represent part of the possible mechanism of action of piracetam alon~

Aging/* METABOLISM
Cerebral Cortex/DRUG EFFECTS/* METABOLISM
Piracetam/*PHARMACOLOGY
Pyrrolidinones/* PHARMACOLOGY
Receptors, Muscarinic/*DRUG EFFECTS

Animal
Atropine/PHARMACOLOGY
Female
Male
Mice
Oxotremorine/PHARMACOLOGY
Quinuclidinyl Benzilate/PHARMACOLOGY
Scopolamine/PHARMACOLOGY

3/10;98 4:40 PM

.



http:// 130. 14.32.47/cg]...client?23694+detad+d+ 1

PUBLICATION JOURNAL ARTICLE
TYPES:

-= LANGUAGE: Eng

REGISTRY O(Pyrrolidinones)
NUMBERS: O(Receptors, Muscarinic)

51-34-3 (Scopolamine)
51-55-8 (Atropine)
6581 -06-2 (Quinuclidinyl Benzilate)
70-22-4 (Oxotremorine)
7491 -74-9 (Piracetam)

http:// 130. 14.32 .47/cgl-bmNM4mt’!23694+ detad- 1

... ..

2 of2 3/’101984,40PM



_-—.. fa

l?!
TITLE: Treatment of acute ischemic stroke with piracetam. Members of the

Piracetam in Acute Stroke Study (PASS) Group.

“ AUTHOR: De Deyn PP; Reuck JD: Deberdt W; Vlietinck K Orgogozo JM
w

AUTHOR Department of Neurology, Middelheim
AFFILIATION:

SOURCE: Stroke 1997 Dec;28(12):2347-52

NLM CIT. ID: 98074088

Hospital, Antwerp, Belgium.

-Uemll- /

1 0f3 3/11’9811:59AM



Ilwp.(! *AU. 1*.J.+. -?U( t+i...ivl%imlc i 301 .$–w=ulll~ I ,llt~., ! lJU. l+..J&, WJIG&-UUIJ lULV1%l KX1l. LYO 17-UG-U111T ,

ABSTRACT: BACKGROUND AND PURPOSE: Piracetam, a nootropic agent with
neuroprotective properties, has been- h pibt~diea w &nmmse
compromised regional cerebral blood flow in patients with acute strdm”____
and, ~ seen afier onset, to improve clinical outcome. We performed a
multicenter, randomized, double-blind trial to test whether piracetam
conferred benefit when given within 12 houm of the onset of acute ischemic
stroke to a large group of patients. METHODS:Patients received placebo
or 12 g piracetam as an initial intravenous bolus, 12 g daily for 4 weeks
and 4.8 g daily for 8 weeks. The primary end point was necrologic outcome
after 4 weeks as assessed by the Orgogoza scale. Functional status at 12
weeks as measured by the Barthel Index was the major seconda~
outcome. CT scan was performed within 24 hours of the onset of stroke but
not necessarily before treatment. Analyses based on the intention to treat
were performed in all randomized patients (n = 927) and in an “early
treatment” population specified in the protocol as treatment within 6
houm of the onset of stroke but subsequently redefined as less than 7 hours
after onset (n = 452). RESULTS: In the total population, outcome was
similar with both treatments (the mean Orgogozo scale after 4 weeks:
piracetam 57.7, placebo 57.6; the mean Barthel Index after 12 weeks:
piracetam 55.8, placebo 53.1). Mortality at 12 weeks was 23.9V0 (1 11/464)
in the piracetam group and 19.2°?i (89/463) in the placebo group (relative
risk 1.24, 95?40confidence interval, 0.97 to 1.59; P = .15). Deaths were
fewer in the piracetam group in those patients in the intention-to-treat
population admitted with primary hemorrhagic stroke. Post hoc analyses
in the eatly treatment subgroup showed difi’erences favoring piracetam
relative to placebo in mean Orgogozo scale scores after 4 weeks (piracetam
60.4, placebo 54.9; P = .07) and Barthel Index scores at 12 weeks
(piracetam 58.6, placebo 49.4; P = .02). Additional analyses within this
subgroup, confined to 360 patients with moderate and severe stroke (initial
Orgogoza scale score< 55), showed significant improvement on piracetam
in both outcomes (P < .02). CONCLUSIONS:Piraeetam did not influence
outcome when given within 12 hours of the onset of acute ischcmic strolm.
Post hoc anatyses suggest that piracetam may confer benefkwhen given
within 7 hours of ox particuhriy in patients with stroke of moderate
and severe deg~ A randomized, piacebo-controlled, multicenter study,
the Piracetam Acute Stroke Study II (PASS II) will soon begin.
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The effects of piracetam in children witlmdy81exb

Di lanni M; Wilsher CR; Blank MS; Comers CK; Chase CH; Funkenstein
HH; Helfgott E; Holmes JM; Lougee L; Maletta GJ; et al

J Clin Psychopharmacol 1985 Oct;5(5):272-8

86009005

Following previous research which suggests that piracetam improves
performance on tasks associated with the left hemisphere, a 12-week
doubh+blind, placebo-controlled study of developmental dyslexics was
conducted. Six study sites treated 257 dyslexic boys between the ages of 8
and 13 years who were significantly below their potential in reading
performance. Children were of at least normal intelligence, had normal
findings on audiologic, ophthalmologic, necrologic, and physical
examination, and were neither educationally deprived nor emotionally
disturbed. Piracetam was fouod to be well tolerated in this study

., .,’
populatio*@@ikamtZW$UE*~~

o other effects on Wading were observed. In addition,

~~~s ob5emed in
those piracetam-treated patients who showb relatively poor memory at
baseline. It @,suggeutedthat Ion tem treatment with piracetam may
result in ad
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Piracetam an~exia: effects on reading tests.

Wilsher CR; Bennett D; Chase CH; Conners CK; DiIanni M; Feagans L;
Hanvik LJ; Helfgott E; Koplewicz H; Overby P; et al

J Clin Psychopharmacol 1987 Aug;7(4):230-7

87308901

Previous research has suggested that ~~mm have
shown htlpfOVMiHtS in rf!diq Skib, vu’hd meUNW’y ●d Vdd

-=m@f=g fiw, f-m andydmand pmcedng of kttdike
“~’?I’wo hundred twenty-five dyslexic children between the ages of 7
years 6 months and 12 years 11 months whose reading skills were
significantly below their intellectual capacity were enrolled in a multicenter,
36-wee~ doubk+blind, placebo-controlled study. Children of below average
intelligence, with abnormal findings on audiologic, ophthalmologic,
necrologic, psychiatric, and physical examinations, who were emotionally
disturbed or educationally deprived and who had recently been treated
with psychoactive medication were excluded from the tri~~ wa6
well t@gz@ed, with no serious adverse ciinicsi orJahorMov&Ukts

di@@knt improvementsin
rcadhlg&m& -y Oramading‘riiyandreadmgCompmfihsi(u
(Gihnore Oral Reading Test). Treatment effects were evident after 12 weeks
and were sustained for the total period (36 weeks).
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An overview of pharmacologic treatment of cogaitive decline i@he aged.

Reisberg B; Ferris SH; Gershon S

Am J Psychiatry 1981 May; 138(5):593-600

81204750

The most widely known substances that have been investigated for treating
cognitive deterioration in the aged are cerebral vasodilators, Gerovital H3,
psychostimulants, “nootropics,” neuropeptides, and neurotransmitters.
The rationale for the choice of specific agents has shifted as our
conceptions regarding the origins of cognitive decline have changed; we
now know that most cognitive deterioration occurs independently of
arteriosclerotic vascular changes. Substances currently being investigated
because of their eff’ts on brain electrophysiology, on neurohumoral
processes, or on central neurotransmitters show promise.
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ABSTRACT: In an attempt to gain some insight into possible approaches to reducing
age-related memory disturbances, aged Fischer 344 rats were administered
either vehicle, choline, piracetam or a combination of choline or piracetam.~—..
Animals in each group were tested behaviorally for retention of a one trial
passive avoidance task and biochemically to determine changes in choline
and acetylcholine levels in hippocampus, cortex and striatum. Previous
research has shown that rats of this strain suffer severe age-related deficits
on this passive avoidance task and that memory disturbances are at least
partially responsible. Those subjects given only choline (100 mgkg) did not
differ on the behavioral task from control animais administered vehicle.

Ra@@v@=’1---%W%W -~!M*”-$u@
k@UM@Q@~ btdfut$ @ven’tb~’piriieetamkWiIfhetmnilA&tiim

,(100mg/kgofL%cti} exhibited retention SCOMwed-better ~
~z”~~ h a second study, it was shown that twice the
dose of piracetam (200 mg/kg) or choline (200 mglkg) alone, still did not
enhance retention nearly as weil as when piracetam and choline (100 mg/kg
of each) were administered together. Further, repeated administration (1
week) of the piracetmrdcholine combination was superior to acute
injections. Regional determinations of choline and acetylcholine revealed
interesting differences between treatments and brain area. Although choline
administration raised choline content about 50°/0 in striatum and cortex,
changes in acetylchoiine levels were much more subtle (only 6-100/0). No
significant changes following choline administration were observed in the
hippocampus. However, piracetam aione markedly increased choline
content in hippocampus (tWO/O) and tended to decrease acetylcholine levels
(190A). No measurable changes in striatum or cortex were observed
foliowing piracetam administration. The combination of choline and
piracetam did not potentate the effects seen with either drug alone, and in
certain cases the effects were much less pronounced under the drug
combination. These data are discussed as they relate to possible effects of
choline and piracetam on cholinergic transmission and other neuronal
function, and how these effects may reduce specific memory disturbances in
aged subjeck~ “ demoxutrate that the efr&t.s /of
combining cho~ne am piracetam are quiti”dilferent Umn’those o%tained
with eitherdrug alone nnd suppoti the notion that in ordez to achieve:
substantial effiiicy in ag@ subjects it may be mxe=ary to reduce m4dtipk
interactive nmwochcm~nctions in the bra@ar affect activity in;
more than one parameter of a deficient metabolic pathway.

,x.

MAIN MESH *Aging
SUBJECTS: Choline/ANALYSIS/* PHARMACOLOGY

Memory/*DRUG EFFECTS
Parasympathetic Nervous System/* PHYSIOLOGY
Piracetam/*PHARMACOLOGY
Pyrrolidinones/* PHARMACOLOGY

———_-

2of3 310/98 3:50 PM



ADDITIONAL
MESH
SUBJECTS:--a_-—.

PUBLICATION
TYPES:

LANGUAGE:

REGISTRY
NUMBERS:

Acetylcholine/ANALYSIS/SECRETION
Animal
Brain Chemistry/DRUG EFFECTS
Male
Rats
Rats, Inbred F344

JOURNAL ARTICLE

Eng

O(Pyrrolidinones)
51-84-3 (Acetylcholine)
62-49-7 (Choline)
7491 -74-9 (Piracetam)

-

30f3 3/1098 3.50 PM



nmp:// Ix. 1+.3z.44/cgl... M<lienI! Iulxs-aewmf I lILIP, II lJU. 14. >d. +ZIG~l-UU U1\JIV1-~llGlll! lU I JO ‘UGI’ll L L

National Library of Medicine: IGM Full Record Screen

6’

E!?

TITLE: Piracetam-induced facilitation of interhemispheric transfer of visual
information in rats.

AUTHOR: Buresova O; Bures ?

SOURCE: Psychopharmacologic 1976; 46(1):93-102

NLM CIT. ID: 76152798

ABSTRACT: The effect of Piracetam (UCB 6215, 2-pyrrolidoneacetarnide) on learning
mediated by transcommissural information flow was studied in hooded rats.
Acquisition of monocular pattern discrimination was faster in drug-treated
rats (100 mg/kg, 30 min before training) than in untreated controls.
Subsequent relearning with one hemisphere functionally eliminated by
cortical spreading depression showed that the strength of the primary
engram formed under Piracetam in the hemisphere contralateral to the
trained eye remained unaffected but that the secondary trace (in the
ipsilateral hemisphere) was considerably improved and almost equalled the
primary one (savings increased from 20-30% to 50-60%). Learning with
uncrossed optic fibers was unaffected by the drug. Interhemispheric
transfer of Iateralized visual engrams acquired during functional
hemidecortication was facilitated by Piracetam administration preceding
the five transfer trials performed with the untrained eye open (imperative
transfer). Piracetam was ineffective when the trained eye was open during
transfer trials (facultative transfer). After a visual engram had been
literalized by 5 days of monocular overtraining, Piracetam facilitated
formation of the secondary engram induced by 3 interocular transfer trials.
It is concluded that Piracetam enhances transcommissural encoding
mechanisms activated in the initial stage of monocular learning and in some
forms of interhemispheric transfer, but does not affect the
transcommissural readout. This effect is interpreted as a special case of the
Piracetam-induced facilitation of the phylogenetically old mechanisms of
redundant information storage which improve liminal or subnormal
learning.
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Some effects ofpiracetam (UCB 6215, Nootropyl) on -k
schizophrclh’

Dimond SJ; Scammell RE; Pryce IG; Huws D; Gray C

Psychopharmacology (Berl) 1979 Sep;64(3):341-8

80057401

A study is described of effects of a nootropic drug on chronic
schizophrenia. The nootropic dru~ act on the central newous system with
the cerebral cortermrtlieir target Chronic schizophrenic patients on the
drug showed Improvement in object naming and in @Mawhere the patient
was required to indicate the number of times he had been tapped.
Improvements were also noted inkaming - ~~ b dichotic
listening the patients showed a reduction in the amount of incorrect verbal
responses producedJ$lWre were no impmweutemfsb ~ ratdegem
social bchaviosw ~ These results suggest some cognitive improvement
Wt little if any change in the disease state of the patient.

Piracetam/*THERAPEUTIC USE
Pyrrolidinones/* THERAPEUTIC USE
Schizophrenia/* DRUG THERAPY

Adult
Chronic Disease
Clinical Trials
Dichotic Listening Tests
Double-Blind Method
Female
Human
Male
Middle Age
Motor Skills/DRUG EFFECTS
Psychiatric Status Rating Scales
Schizophrenic Psychology

CLINICAL TRIAL
JOURNAL ARTICLE

Eng

-&— =..

2 0f2 3/10/98 3:57 PM



.- ❑�✎✍✎✎

National Libraty of Medicine: IGM Full Record Screen

Ii?

TITLE:

G-AUTHOR:

SOURCE:

NLM CIT. ID:

ABSTRACT:

————.- -.
MAIN MESH
SUBJECTS:

ADDITIONAL
MESH SUBJECTS:

PUBLICATION
TYPES:

LANGUAGE:

Increase in the power of human mexnorj in normal man through the use
of drugs.

Dimond SJ; Brouwers EM

Psychopharmacology (Berl) 1976 Sep 29;49(3):307-9

77079535

Nootropyl (Piracetam) a drug reported to facilitate learning in animals
was tested for its effect on man by administering it to normal volunteers.
The subjects were g&cm 3x4 capmdca at 400 mg per @@n a double blind
study. Each subject learned series of words presented as stimuli upon a
memory drum. No effects were observed after 7 days but aflkr 14 daym
verbal learning had signifkantly incm?asuL
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Piracetam facilitates retrieval but does not impair extinction of
bar-pressing in rats.

Sara SJ; David-Remacle M; Weyers M; Giurgea C

Psychopharmacology (Berl) 1979 Mar 14;61(1):71-5

79180683

Rats were trained on a continuously reinforced bar-press response for
water reward. Seven days later they were retested for retention, with or
without pretest injection of the nootropic drug, piracetam. DWg4mntcd
@xuaIs had aignifkantiy shorter IWIponae&tcnck than salinedreatdl
SdmdUmJx!md@ am interp-ed - a thdlitation<ofretrkwdproccases
afkr f~ Zhe experiment was extended under extinction conditions
and it was found that after three sessions there was a tendency to facilitate
extinction when response latency is used as the extinction index. The
clinical interest of a drug which facilitates the retrieval aspect of the
memory process without impairing extinction is discussed.
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Piracetam impedes hippocampal neuronal loss during withdrawal after

Brandao F; Paula-Barbosa MM; CadeteLeite A

Department of Anatomy, Porto Medical School, Portugal.

Alcohol 1995 May-Jun; 12(3):279-88

95367208
..“

In previous studies we have demonstrated that prolonged ~
consumption induced hippocampal neorondloss. In addition, we have
shown that withdrawal after chronic alcohol intake augmented such
degenerative activity leading to increased neuronal death in all subregions
of the hippocampal formation but in the CA3 field. In an attempt to
reverse this situation, we tested, during the withdrawal period, the effects
of piracetam (2-oxo-l-pyrroIidine acetamide), a cyclic derivative of
gamma-aminobutyric acid, as there is previous evidence that it might act
as a neuronoprotective agent. The total number of dentate granule, hilar,
and CA3 and CA1 pyramidal cells of the hippocampal formation were
estimated using unbiased stereological methods. We found out that in
animals treated with piracetam the numbers of dentate granule, hilar, and
CA1 pyramidal cells were significantly higher than in pure withdrawn
animals, and did not differ from those of alcohol-treated rats that did not
undergo withdrawakl’ltese data suggest that piracctam treatment
imped~ during withdrawa~ the parsuing of neumul degeneration.
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Does piracetam counteract the ECT-induced memory dysfunctions in
depressed patients?

Mindus P; Cronholm B; Levander SE

Acts Psychiatr Stand 1975 Jun;51(5):319-26

75201625

A double-blind, intra-individual cross-over comparison of the effect of
piracetam on retrograde memory impairment as measured by the KS
memory test battery was performed in connection with second and third
Bi-ECT in 18 patients diagnosed as suffering from depression. The seizure
duration and the post-ECT EGG patterns were examined visually and the
post-ECT confusion time was measured. Piracetam was given orally in the
dose of 4.8 ghy for 3 daym No significant effects were obtained on memory
scores, electrical stimulus duration, EEG pattern or post-ECT confusion
time. The fmdingp.ma,y&dicatc.thaMhapntect&e~,of@acetam
shown fh animal ekctroconvuslive W“mulation (ECS) is due to a
~ ti the (MurMg ~ h~tion ~t@hctiomu’It is
concluded that more information is needed as regards the pharmacokinetics
and the mode of action of the drug.
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Effects of oxiracetam on learning and memory in animals: comparison
with piracetam.

Mondadori C; Classen W; Borkowski J; Ducret T; Buerki H; Schade A

Clin Neuropharmacol 1986;9 Suppl 3: S27-38

87244092

The effects of oxiracetam and piracetam were compared in learning and
memory tests in rats and mice. In the dose range examined, the two
nootropics were equally active in reducing the amnesia induced by
cerebral electroshock in the mouse. Step-down retention performance,
however, was distinctly improved by oxiracetam but unaffected by
piracetam, no matter whether it was given before or immediately after the
learning trial. Oxiracetam also improved acquisition performance in aged
(24- to 27-month-old) rats in an activt+avoidance situation at doses of 30
and 100 mg/kg i.p. whereas piracetam showed no effect at 100 mg/kg i.p. -
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Thymectomized rats, 5 weeks after surgery, showed a significant
impairment in learning and memory as shown by deficits in passive
avoidance and in the Morris water maze test. The behaviour of the
thymectomized rats in the “open field” apparatus was largely unchanged.
Following treatment for 20 days with either piracetam (500 mg/kg) or
tacrine (3.0 mg/kg), the deficit in passive avoidance learning was largely
reversed. Chronic treatment with tacrine also reversed the deficit in the
behaviour of the thymectomized rats in the Morris water maze. The effects
of thymectomy on the biogenic amines and some of their metabolizes in the
amygdaloid cortex, hypothalamus, striatum and olfacto~ bulbs were also
determined. Relative to the sham-operated controls, thymectomy resulted
in a reduction in the noradrenaline concentration in the amygdala,
hypothalamus, and olfactory bulbs. This effect was reversed by chronic
piracetam and tacrine treatments. The concentration of dopamine was also
reduced in the olfactory bulbs after thymectomy wherw in the striatum
the concentration of 5-hydroxytryptamine (5-Hn serotonin) was increased.
The concentration of gamma amino butyric acid (GABA) was determined
in amygdaloid cortex and hippocampus only. Theonly significant change
occurred following chronic treatment of thymectomized rats with tacrine,
when a significant elevation of GABAwas found.Neither piracetamnor
tacrine produced any change in the amines of their metabolizes in the
sham-operated controls. Tacrin% however, elevated the dopamine and
reduced the 5-HT content of the hypothalamus and increased the
3,4-dihydroxylphenylacetic acid concentration of the striatum of
thymectomized rats. Examination of the differential white blood cell count
of the thymectomized rats showed that the percentage of lymphocytes was
decreased, and the percentage of ❑eutrophils increased, relative to the
sham-operated controls. Chronic Iacrine, but not piracetam, treatment
reversed the lesion-induced changes.
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Picamilon appears to be more effective than Hydergine or vinpocetin in
improving blood flow to the cerebral vessels. Picamilon readily crosses the
blood-brain barrier to protect neurons against the effects of diminished
oxygen flow. It also produces cognitive-enhancing effects.

The combination of these effects provides an entirely new method of dealing
safely with several causes of neurological aging, Picarnilon is approved as a
pharmaceutical product in Russia, but is really a vitamin-like compound
consisting of a niacin analog (n-nicotinoyl) uniquely bonded to GABA
(gamma aminobutyric acid). When niacin is bound to GA13& it creates a
molecule that readily penetrates the blood-brain barrier to enhance cerebral
and peripheral circulation. What enables picamilon to work so well is the
synergism between the niacin and GABA molecules.

Suggested dose: One tablet, two to three times a day.
[f cognitive enhancing results do not occur in 30 days, double the dose.

~.=..,.,+

PIRACETAhl

Piracetam is a derivative of the amino acid GABA that increases the
~ensitivityof receptors in the brain involved in memory and learning.
Piracetam is called a nootropic drug because of its ability to enhance the
mind. Studies in both animals and humans have demonstrated that Piracetam
can improve memory, increase attention and cognition, improve spatial
learning, and enhance motor mechanisms. Piracetam is one of the most
popular “smart drugs” that is used to increase intelligence, information
processing ability, concentration, memory, and creativity, It has been shown
to harmonize and synchronize the spheres of the brain by anchoring
itiormation within the brain.

Suggested dose: Piracetam should be used in doses ranging from 1600 to
2400 mg a day taken first thing in the morning.

!

JIETIN A

Retin A is a highly publicized vitamin A derivative that stimulates skin cell
renewal, increasing the creation of youthfbl cells at the skin’s surface, Retin A
may produce side effects such as minor irritation. People using Retin A
should stay out of the sun and use a sunblock for normal sunlight exposure,
because Retin A increases skin sensitivity to sunlight.
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A, INGREDIENT NAME:

—

—

UINACRINE HYDROCHLORIDE

B. Chemical Name:

3-Chloro-7-methoW-9-( l-methyl-4-diethylaminobutykunino)acridine Dihydrochloride;
Mepacrine Hydrochloride; Quinacrinium Chloride
2-Ctioro-5-(Omega-Diethyltino-Npha-Methylbutyltino)-7-Metho~actidine
Dihydrochloride
3-Chloro-9-(4’-Diethylamino- l’-Methylbutylamino)-7-Methoxyacridine Dihydrochloride
6-Chloro-9-((4-(Diethylamino)- l-Methylbutyl)Amino)-2-Methoxyacridine
Dihydrochloride
3-Chloro-7-Methoxy-9-(1 -Methyl-4-Diethylaminobutylamino)Acridine Dihydrochloride
2-Methoxy-6-Chloro-9-(4-Diethykunino- l-Methylbutyhunino)

C. Common Name:

Acrichine, Acriquine, Akrichin (Czech), Arichin, Atabrine, Atabrine Dihydrochloride,
Atabrine Hydrochloride, Atebrin, Atebrine, AtebrinHydrochloride, Chemiochi~ ChinacriZ
Chinacrin Hydrochloride, Crinodor~ Dial, Erion, Italch@ malaricid~ Mecryl, Mepacrine
Dihydrochloride, Mepacrine Hydrochloride, Methoquine, Acridine Dihydrochloride,
Metochin, Metoqui~ Metoquine, Palacri~ Palusw Pentilen, Quinacrine Dihydrochloride,
Quinacrine Hydrochloride

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Assay: 100.12%
98 Yo

E. Information about how the ingredient is supplied:

Bright Yellow, Crystalline Powder. It is odorless and has a bitter taste.

F. Information about recognition of the substance in foreign
pharmacopoeias:

Pharmacopoeias. In Arg., Belg., Br., BraZ., Eur., Fr., Ger., Hung., Ind., It., Mex., Neth.,
Nerd., Pol., Rus., Span., Swiss., Turk., and U. S.



------ G. Bibliography of available safety and efilcacy data including peer
reviewed medical literature:

H. Information about dosage forms used:

Tablets

L Information about strength:

100mg - 900mg

J. Information about route of administration:

Orally

K. Stability data:

Melting Point: 257 C (DEC)
Incompatible with alkalis, nitrates, and oxidizing agents.

-

L. Formulations:

M. Mkcellaneous Information:

n.-

Page -2-
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OUALI TY CONTROL REPORT

cHEMICAL NAME. :QUINACRINE H’fDROCHLORIDE Usp

MANUFACTURE LOT NO. :025

PHYSICAL TEST

“USP_/BP_/~RCK_/NF_/~T ._/CO .._.SPECSSPECIFICATION TEST STANDARD. .

l)DESCRIPTION .:

~

— BRIGHT YELLOW, CRYSTALLINE POWDER. IS ODORLESS AND HAS A BITTER

TASTE .

2)SOLUBILITY. :
SPARINGLY SOLUBLE IN WATER; SOLUBLE IN ALCOHOL’

3)MELTING POINT.:
MELTS AT ABOUT 250 DEGREES WITH DECOMPOSITION,

.$

4)SPECIFIC GRAmTY. :

5)IDENTIFICATION .:
A)COMPLIES (A) AS PER
B)COMPLIES (C) AS pER
C)A SOLUTION 1 IN 100

IR SPECTRUM USP XXII.
USP XXII.
HAS A PH ABOUT 4.5.

PASSES .: FAILS .:

COMMENTS. :QUINACRINE DIHYDROCHLORIDE IS ALSO KNOWN AS QUINACRINE HCL.

ANALYST SIGNA=. : DATE. :

PREPACK TEST.: DATE. : INITIAL. :

RETEST. : DATE .: INITIAL. :



.~ ------------------ IDENTIFICATION -------------------
PRODUCT # 22299-2 NAME QUINACRINE DIHYDROCHLORIDE HYDRATE,

98?40
CAS # 69-05-6
MF C23H30CLN30

swoms

C(
ACRICHINE * ACIUQUINE * AKRICHIN (CZECH) * ARICHIN * ATABRINE *

?

ATABRINE DIHYDROCHLORIDE * ATABRINE HYDROCHLORIDE * ATEBRIN *

ATEBRINE * ATEBRIN HYDROCHLORIDE * CHEMIOCHIN * CHINACRIN *
CHINACRIN

HYDROCHLORIDE *

@(
2-CHLORO-5-(OMEGA-DIETHYLAMINO-ALPHA-METHYLBUTYLAMINO)

-7-METHOXYACRIDINE DIHYDROCHLORIDE +
3-CHLORO-9-(4’-DIETHYLAMINO-1 ‘-

METHYLBUTYLAMINO)-7-METHOXYACRIDINE DIHYDROCHLOFUDE *
6-CHLORO-9-((4-

(DIETHYLAMINO)- 1-METHYLBUTYL)AMINO)-2-METHOXYACIUDINE
DIHYDROCHLORIDE

*

3-CHLORO-7-METHOXY-9-( 1-METHYL-4 -DIETHYLAMINOBUTYLAMINO)ACRIIXNE

_—.

DIHYDROCHLORIDE ~CRINODORA * DIAL * ERION * ITALCHIN * MALARICIDA *

MECRYL * MEPACRINE DIHYDROCHLORIDE * MEPACIUNE HYDROCHLORIDE *

METHOQUINE ~ C
~ {2-METHOXY-6-CHLORO-9-(4-DIETHyLm0-I-MI3THyLl3uTyLM0) ]

ACRIDINE DIHYDROCHLORIDE * METOCHIN * METOQUIN * METOQUINE *
PALACRIN

bc * PALUSAN * PENTILEN * QUINACRINE DIHYDROCHLORIDE * QUINACRINE

HYDROCHLORIDE * 866 R,P, * SN 390 *
------------------ TOXICITY HAZARDS -------------------

RTECS NO: AR7875000
ACRIIXNE, 6-CHLORO-9-((4-(DIETHYLAMINO)-1 -METHYLBUTYL)AMINO)-2-

METHOXY-, DIHYDROCHLORIDE
TOXICITY DATA

ORL-RAT LD50:660 MG/’KG JPETAB 91,157,47
IVN-RAT LD50:29 MG/KG JPETAB 91,157,47
IUT-RAT LD50: 100 MG/KG UEBA6 16,1074,78
ORL-MUS LD50:557 MG/KG JPETAB 91,157,47
IPR-MUS LD50: 189 MG/KG JPETAB 91,133,47
SCU-MUSLD50:212 MG/’KG ABEMAV 1,317,41



___— IVN-MUS LD50:38 MG/KG JPETAB 91,157,47
ORL-RBT LD50:433 MG/KG JPETAB 91,157,47
IVN-RBT LD50:9 MG/KG JPETAB 91,157,47
IVN-GPG LD50: 14 MG/KG JPETAB 91,157,47

REVIEWS, STANDARDS, AND REGULATIONS
NOES 1983: HZD X4102; NIS 1; TNF 66; NOS 3; TNE 987; TFE 508
EPA GENETOX PROGRAM 1988, NEGATIVE: SPERM MORPHOLOGY-MOUSE

EPA GENETOX PROGRAM 1988, INCONCLUSIVE: MAMMAL IAN MICRONUCLEUS

TARGET ORGAN DATA
PERIPHERAL NERVE AND SENSATION (FLACCID PARALYSIS WITHOUT

ANESTHESIA)
BEHAVIORAL (ALTERED SLEEP TIME)
BEHAVIORAL (SOMNOLENCE)
BEHAVIORAL (TOXIC PSYCHOSIS)
BEHAVIORAL (CONVULSIONS OR EFFECT ON SEIZURE THRESHOLD)
VASCULAR (OTHER CHANGES)
LUNGS, THORAX OR RESPIRATION (RESPIRATORY DEPRESSION)
LUNGS, THORAX OR RESPIRATION (OTHER CHANGES)
IMMUNOLOGICAL INCLUDING ALLERGIC (ANAPHYLAXIS)

+!!+ PATERNAL EFFECTS (SPERMATOGENESIS)
MATERNAL EFFECTS (OVARIES, FALLOPIAN TUBES)
MATERNAL EFFECTS (UTERUS, CERVIX, VAGINA)
MATERNAL EFFECTS (MENSTRUAL CYLCE CHANGES OR DISORDERS)
MATERNAL EFFECTS (OTHER EFFECTS ON FEMALE)
EFFECTS ON FERTILITY (FEMALE FERTILITY INDEX)
EFFECTS ON FERTILITY (IRE-IMPLANTATION MORTALITY)
EFFECTS ON FERTILITY (POST-IMPLANTATION MORTALITY)
ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES

(RTECS)
DATA IS PRESENTED HERE SEE ACTUAL ENTRY IN RTECS FOR COMPLETE

INFORMATION
------------------ HEALTH HAZARD DATA -----------------

ACUTE EFFECTS
HARMFUL IF SWALLOWED, INHALED, OR ABSORBED THROUGH SKIN
MAY CAUSE EYE IRRITATION
MAY CAUSE SKIN IRRITATION
TO THE BEST OF OUR KNOWLEDGE, THE CHEMICAL, PHYSICAL, AND
TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED

FIRST AID
IN CASE OF CONTACT, IMMEDIATELY FLUSH EYES WITH COPIOUS AMOUNTS

.+=-.
OF

WATER FOR AT LEAST 15 MINUTES.



—_
IN CASE OF CONTACT, 1MMEDIATEL% WASH SKIN WITH SOAP AND COPIOUS

AMOUNTS OF WATER.
IF INHALED, REMOVE TO FRESH AIR, IF NOT BREATHING GIVE ARTIFICIAL
RESPIRATION, IF BREATHING IS DIFFICULT, GIVE OXYGEN,
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS

CONSCIOUS.
CALL A PHYSICIAN.
WASH CONTAMINATED CLOTHING BEFORE REUSE,

G
-------------------- PHYSICAL DATA --------------------

MELTING PT: 257 C (DEC)
APPEARANCE AND ODOR

YELLOW POWDER
------------ FIRE AND EXPLOSION HAZARD DATA -----------

EXTINGUISHING MEDIA
WATER SPRAY.
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING

TO
PREVENT CONTACT WITH SKIN AND EYES.

.—-–. UNUSUAL FIRE AND EXPLOSIONS HAZARDS.
EMITS TOXIC FUMES UNDER FIRE CONDITIONS.

------------------- REACTIVITY DATA -------------------
INCOMPATIBILITIES

STRONG OXIDIZING AGENTS
STRONG ACIDS
MAY DISCOLOR ON EXPOSURE TO LIGHT.

HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS
TOXIC FUMES OF:
CARBON MONOXIDE, CARBON DIOXIDE
NITROGEN OXIDES
HYDROGEN CHLORIDE GAS

--------------- SPILL OR LEAK PROCEDURES --------------
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED

EVACUATE AREA.
WEAR SELF-CONTAINED BREATHING APPARATUS, RUBBER BOOTS AND HEAVY

RUBBER GLOVES
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL
AVOID RAISING DUST
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS

COMPLETE--.
WASTE DISPOSAL METHOD

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN



.–n= INA
CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

CHEMICAL SAFETY GOGGLES
RUBBER GLOVES
NIOSH/MSHA-APPROVED RESPIRATOR
SAFETY SHOWER AND EYE BATH
USE ONLY IN A CHEMICAL FUME HOOD
DO NOT BREATHE DUST
DO NOT GET IN EYES, ON SKIN, ON CLOTHING

WASH THOROUGHLY AFTER HANDLING
TOXIC
KEEP TIGHTLY CLOSED
LIGHT SENSITIVE
STORE IN A COOL DRY PLACE
HARMFUL BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED

WEAR SUITABLE PROTECTIVE CLOTHING
THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT

_–-= PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE
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Mmn

he action of a mixture of nitric
s chiefly of cellulose tetranitrate,

, matted maw of filaments, resembling
e touch. Iti-sexceedingly Jammable,
witha luminous flame. When kept in
is decomrsosed with the evolution of
ue.
mvlybut completelyin25 partsof a
falcohol.It is soluble in acetone and
n these solutions by water.
ut 500 mg. of Pyroxylin, accurately
Id water, and ignite the Pyroxyhrs at
it tbe &sh to redness, and cool: not

lm.ofPyroxylinwith20ml. of water
not have an acid reaction to litmus.

on a steam bath, and dry the residue
of residue remains.

Packaging and storage-Presmve P>Toxylin lowwly packed in cartons, protected
from light.

CATEGoRY—PharmaceuticnecessityforCOLLODION.

A- Quinacrine Hydrochloride
#

f-[ QUINAcRISE. HY_DROCHLO.RIDE

o

—--
3Chlom7-metio~-Ml-merh1-!~ethylaminobutylamino)acri~ne.
D~ydrochloride;l[eparrinetiydrorhloride;QuinwriniumChloride

[cH30@@c1H ]C-.2H,0

NH—CH(CH3)—CH~CH~ CH*—N+(C#15)Z

CXHSOCIN30 2HCI 2H@ Mol. wt. 508.94

Quinacrine Hydrochloride contains not less than 98 per cent of
Cz3H30ClN,0 2HC1. 2H30.

.
Description-C) uinacrine Hydrochloride occurs u ~low. crystalline powder.

odorless and hm a bitter t=te.
so~ umacme m]-drocldonde dksolves in about 35 ml. of water.

It ia soluble in al&~ol.
ldentificatioa-

.1: To 5 ml. of a solution of Chinacfie Hydrochloride (1 in 40. add a slight excess
of ammonia T.S.: a y;llow to omn”~, oily precipitate of quinacrifie base is
formed which adheres to the wall of the vesad and is soluble in ether.

B: To 5 ml. of a solution of Quinacrine Hydrochloride (1 in 40), add 1 ml. of di-
luted nitric acid: a yellow crystalline precipitate is formed.

C: To 5 ml. of a solution of Quinacrine Hydrochloride (1in 40), add 1 ml. of
mercuric chloride T. S.: a yellow recipitate is formed.

!“D: The fiftrate from the precipitate, o tamed m Idenfi’afion test .4, acidified
with nitric acid, responds to the teak for Chkw-ide,.page 901.

pH—The pH of a solution of Quinacrine Hydrochloride (1 m 100) is about 4.5.
Water, page !?42-Determine the water content of Quinacrine Hydrochloride by

drying at 105” for 4 hours or by the Karl Fischer method: it con~ina not Iess than
6 per cent and not more than S per cent of water.

Residue on ignition, page 9 12—The residue on ignition of 200 mg. of Quinacrine
Hydrochloride is negligible.

Assay—Transfer to a 100-ml. volumetric ffask about 250 mg. of Quinacrine Hydro-
chloride, accurately +veighed, dissolve it in 10 ml. of water, then add 10 ml. of a
solution ~repared by dissolvmg 25 Gm. of sodium acetate and 10 ml. of glacial
acetic acid in water to make 100 nd. Add exactly 50 ml. of 0.1 N

E
taeaium dl-

chromate and watar to make 100 tnf., stopper the flask, mix thoroug y, and filter
through a dry filter paper into a dry ~k, rejecting the firat 15 ml. of the filtrate.
IYIeasw 50 ml. of the subsequent filtrate into a gla.ssstippered tlask, add 1,5ml.

‘f ‘yticMO”c acid and 20d” ‘f~-im ‘o&de T”S”’ ‘mp%l$~5A~of%aS~contents gently, and allow to stats m the dark for 5 srunutes.
and titrate the Iibera@ci iodine with 0.1N sodium thiosulfati~ adding starch T.S~
as the end-point is neared. Perform a blank determination with the same quanti-

{

Q

I
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ties ofthesame reagenmand inthesame manner (seeZbxnduaf7’itrafkms,
P832).fichml.of 0.1 N potassium dichrosnate is equivalent to 8.482 mg. of CgS aO-

CINSO.2HC!l.2H,0.
Packagingand storage—P~e Quinadne Hydrochloride in tight, light-resistant

containers.

CATEGORY—Anthe~ntic; antima]aria]; antiprotozoan.
DOSE —USUAL—SUpprCZtSiVe-

Antimalaria&100 mg.
l’herapeuti~

Antimalarial and antiprotozoan-200 mg. every 6
houm for 5 doses, then 100 mg. three times a

day for 6 days.

Anthelminti&500 mg. with 500 mg. of sodium
bicarbonate in a single dose.

Quinacrine HydrochlorideTablets

QUINACRIAZ HYDROCHLORIDE T.4BLETS

Quinacrine Hydrochloride Tablets contain not less than 93 per cent
and not more than 107 per cent of tile labeled amount of Ca3HwClNT~0,-
2HCI .2H20.

l(lentification—
.~: Powder a suficient number of Quinacriw HydrochlondeTablets, equivalent

to about 250 mg. of uinaminehydmchlonde,and extract with two lS-ml.
portionsofhotmakr)%]wringd tirwhex~tion. To5m]. of theextra~~
add ammonia T. S., and remove the oil.v precipitate so formed by extraction
with two 10-ml. portions of ether. The water layer, acidified with nitric
acid, responds to the teats for CMorriic, page 901.

B: To the remaining portion of the water extract obtained in ldenti~ion fed A
add 2 ml. of ammonia T.S.: a yellow, oily precipitate forms. Shake the
mixture with several ]o-ml. poruons of chloroform until the water layer is
practically colorless. Evapora@ the combined chloroform solutions au a
steam bath in a small beaker, and add to the residue 3 ml. of hot v.-awr and
2 ml. of diluted hydrochloric acid, moistening the sides of the beaker with
the liquid and stirrin with a glass rod.
filter, washthecryst& tithic-old~at&~~~ ~~Y~~~Z~~~~&~~F
neutral tQ ]itmua, and dry at 10.50 for 2 hours: the cryetila so obtained

respondto Identijlcution testi B and C under Quiwmrinc Hydrochlorrkfc,
page 599.

Disintegration-Quinacrine Hydrochloride Tablets meet the requirements of the
lhkin[cpmfion Test for Tablets, page 9361 in not more thau 1 hour.

\\’eight ~ariation-Qtiamine Hydroch)onde Table~ meet the requirements of the
1~’aught Variation Test jar Tabfeta, page 94.5.

.4ssay—W’eigb a counted number of not lees than 20 Quin.scrine Hydrochloride Tab-
leta, and reduce them ta a fine powder without a preciable loss. Weigh accurately
a portionofthepowder,equivalenttoabout2OLf’mj.of~uinacrinehydrochloride,
and placeitm a Beparatorwith23 ml.ofwateran 3 m .ofdduted hydrochloric
acid. Extract the isuapension with two I&ml. portions of chloroform, and wash tie
chloroform extracta in a gecond separator with 10 ml. of water. Discard the washed
chloroform, and add the water in the second separator to the suspension of tablet

Q

(C20H2,S202)2 H,SO+

Quinidine Sulfatei?

speciesofCinchona a
Fliickiger (Fare. Rubi(

Description.~titi&e S
cohering m masses. 1t
ta Iigbt. Its solutioas $

Volubility-one Gm. of t
about ]0 ml. of a]cohol

ldentification—
.%: Acidify a solution

ing solution has
B: TO 5 ml. ofa Solul

mineT.S.,and t;
greencolordue 1

C: TO .5 ml. of a so]uti
T. S., and st~ ml
interval (&tlnct

1):Quinidine Sdfate 1
Specific rotation, page go:

the a~ydrous b%w a
Quirudme Su]fatem WC



Amopyroquine/ Mepacrine 399
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r-”~uine. Cyclochiru Halcquine. 4.(7 -Chloro-4-
amino) -2,6 -bis(dihexyIaminomethy l)pherrol.

,ClN40-497.1.

C.4S — /4594-]3-3.

A ycllow crystalline powder with a bitter taste Practi.
ally imrslubk in water; readily aolublc in dilute acids:
,maluble in dilute alkalia. Protectfrom light.

Uaea. Cycloquine resembles chloroquine in its action and
has been used in the USSR for the suppression and
tmlment of malaria. A dose of 300 mg has been gwcn
weekly for the suppraion of malaria and 3@ mg has
been given dally for three da~ in the tratment af acule
t;[acka.

I 379-e

f)iforsaxyldqssmse.DFD; DFDDS; Diformyldiamirrcdi-
phetrylsulphonc. 4,4’-Sulphonylbisformanilidc.
C,, H,1N:04S-304.3.

CAS — 6784-25-4.

A crystalline solid. M.p. 267* to 269°. Practically irssat-
ubka in water soluble I in about 200 of dimethyi sul-
phoxide. It is moat stable at pH 6.

Uaca. Diformyldapsonc has been used as an antimalarial
in doses of 4C0 to 800 mg weekly, but is given with
chloroquine. primaquine, or pyrimcthaminc. since it has
no action on gamctacytcs.

Diformyldapsonc had an a proximate half-life of 84
1hours. — W. Peters, Postgm .nred. J., 1973, 49, 573.

D~formyldapsone in doses of 3.2 g twice weekly for 4
wccka damaged the red blood cells in 25 subjects
Smaller doses did not appear to cause hacmolysis.— S.
A. Cucinell tt al., J. clirr. Pharmac., 1974, 14, 51.

Ualaria. Diformyldapaorre was considered to promct
volunteers more effectively against the Vietnam Smith
swain of P. fafciparccm than against the Chcasan strsin
of & vivax. There were no reports of met-
ha.- binaemia in patients receiving diformyldapaonc
al: .n conjunction with chloroquinc.— Clyde. D.F
tI n,.. .dilir. Med., 1971, 136. 836, per Tmp. Dis. Bull..
1972.69, 593. See also idem, Mili!. Med., 1970, /35,
527.

Diformyldapsorse }00 to 800 mg wcckl y given wtth chlo-
roquine alone. or with chloroquirw and primaquine, sup-
prcaxcd the Smi[h strain of falciparum malaria in 41 of
45 men and the Brai, strain in 9 men. The combination
~Ppearcd tO be more effective than trestment with chlo-
mqumc and primaquine. or than pyrimethaminc 25 mg
weekly which su pressed the Brai, but not the Sm!th
strain.- D. F. f?lydc et a/.. Arrr. J. WOP. Mtd. Hyg.,
1971, 20. 1, per Trap. Dis. &d/., 1971.68. I 153.

Diform yldapsone given wcekl y with chlorcquine
protscted 5 of 8 volunteers against falcipsrum malaria.
Better results were noted when volumccm were given
dapaone daily with chlomquine or chloroquine and pri-
maquine weekly. — D. Willerson. Am, J. Irop. Med
Hyg., !972, 21, 13s. per J. Am, med. Ass., 1972, 220,
1382.
Diformy[dapaone. 400 to 600 mg wiih pyrimethaminc
25 mg. both given weekly, was considered to provide
effecuvc prophylaxis against chlomquine-resistant P ~a/-
crparrsrrr and against P. vrvax. No toxic side-effects were
noted. — D, F. Clyde ● a/.. Mili(. Med. 1973, /38,
418, pr TroP. Dis. Eufl.. 1974, 7/, 15,

!380-b

liystroxychloroquine Sulphate (BP.)
Hydroxychlormuine Sulfate (fJ.S.P. }: Oxichloro-
ch_in Su~phate: Win 1258-2. ~-{ A’-[4-(7-Chlorrr-
4-quinolylamino) pentyl]-N-ethylamino jethanol
$ulphate.
C, MH26CIN10. H$O, =433,9

0S —— 11 S-41-3 (hydroxychloroqutrrt-): 747-? 6-4
7u/&*<el,

~k:
kxIa.r. In L?r ~nd L’S

\ b,,l,e or Ilmost white odourlcss Crystltline

powder with J bi[ter taste. There are 2 forms.
~ne mei[lng at about 198° and the other at ~baut
240°. Hydroxychloraquine suiphate 100 mg IS

~Pproximately equivalen( to 77 mg of hydroxy -

chloroquinc base. Soluble I in 5 of water: practi-

cally insoluble in alcohol, chloroform, and ether.
A 1% solution in water has ~ pH of 3.5 to 5.5.
Protect from light.

Adverse Effcew Treatrrsen~ Precaution and
Resistance.As for Chloraquinc, p.395.
Hydroxychloroquine was given in an aversgc dose of
800 mg daily for Up to 4% yesrs to 94 patients with
lupus crythematoaus, rheumatoid a~hritis, or scle.
roderma. Tk pstients had not previously received chl~
mquirm amodiaquine. mcpacrirrc, or quinine. Corncal
deposition occurred in 26 pstirmta; it was reversible in
20. persistent in 3, and 3 were lost to follow-up, There
was a rapid rise in incidence after I SO g had been given.
One patient who had received 770 g over 261A months
developed rctinopathy. A second case of probable retin~
pathy was suimqucntly seen in a further patient.— R.
V Shearer and E. L. Dutmis, Am. J. Ophthal., 1967.
64, 245.

Ocular toxicity in 3 of 99 patients after long-term tre...i-
mcnt with hydroxychloroquinc,— R. 1. Ryraca et al.,
Arrhriris Rheum., 1979.22.832.

Uses. Hydroxychloroquine sulphate haa an arrti-

malarial action simdar to that of chlorcquinc
(see p.396) but it is mainly used in the treatment
of systemic and discoid lupus erythcmatoaua and
rheumatoid arthritis. Treatment is usually started
with about 400 to 800 mg daily in divided d-
with meals and the dose is reduced to about 200
to 400 mg when a response occurs. In malaria, a
suppressive dose of 400 mg every 7 days is used,
and in treating an acute attack a dose of 800 mg
has been used, followed after 6 to 8 hours by
400 mg and a further 400 mg on each of the 2
following days. Children may be given a weekly
suppressive dose quivalent to 5 mg of base per
kg body-weight, while for treatment an initial
dose of 10 mg per kg may be given, following by
5 mg per kg 6 hours Ia[er and again on the
second and third days.
In the treatment of giardiasis, the usual dose is
200 mg thrice daily for 5 days.
Hydroxychloraquine sulphate has been used in
the treatment of polymorphous light eruptions.
The dose is as for rheumatoid arthritis.

Parphyria. Hydroxychloroquirse, 400 mg weekly for seve-
ral months. had been reported to be safe and effective
in the treatment of porphyria cutanca tarda.— F. De
Mattcis. Br. J. Derm., 1972, 87, 174.

Thram6a-em601ic disarders. Of 565 patients who under-
went surgery 284 received an injection of hydroxy -
chloroquine sulpha[e 200 mg w!th their prcmedica[ion
and then 2@3 mg eight-hourly by mouth or by injection
unt]l discharge from hospital. From postoperative
observations and by phlebography it appeared that
hydroxychlorcquine could be useful in reducing the
incidence of dccpvein thrombows and pulmonary embol-
ism,— A, E. Carter ei al., I?r med. J,, 1971, 1, 312.

The inc!dencc of deep-vein thrombosis after surgery was
5% in 107 patients given hydroxychlorcqulne sulphate
compared with 16% in 97 controls. The dose was 1.2 g
by mouth in 3 divided doses in the 24 hours before
surgery followed by 400 mg every 12 hou m after surgery
unt]l discharge. — A. E. Carter and R. Eban, 5r med.

1.. I 974.3, Q4.

For discuss! errs. see A. S. Gallus and J. Hirsh, Drugs,

)976, /2, 132; A. G. G. Turpw and J. Hirsh. L2r. med.

Bul/,, 1978, 34, 183.

Preparations
Hydroxyclalorcquirac %rlfarc Tablets US P / Ttblers
contalmrig hydroxvchlorcqu!ne sulphate

Hvdroxvchkaaquim Tablem /B P I Tablets corrtalnlng
hydroxychloroqulne sulphate They xre sugar-coated.

Plaqucrd , W’irrrh~op, L’KI H\droxychlomqu!ne sulphstc,
jvall~ble m [a blets of 20+) mg (.AISO lva!l able as
Plaqucn!l ]n .4usr .4usrra/ Belg,. Caned.. Denrm, Fin.,

Fr Ice/and, /{a/ .Ve(h .\orw Swed SW!(Z USA).

Other Proprietary ?James
Erccquln lDenm ,%orw Swed ): Q“ensyl &r I,

1381-v

Me floquine Hydrochloride. WR 142490.

(*):~-12.8-Bis( trifluoromcthyl) -4-quinolyl]-a-
(2-ptperidyi)methanol hydrochloride.
C17H,6F6N10. HCI-414.B.

CA.S — S3230-l&7 (mefloquine); S1 773-92-3
(hydrochloride),

Adverse Effeets. Epigastric discomfort has been
reported after doses of 1 g, and nauaea and dizzi-
ness after doses of 1.75 or 2 g.

Uses. Meflaquine hydrochloride is a 4-quino-
Iinemethanol compound which has schizonticidai
activity against malaria parasltea. It is active
against chloroquine-resistant falciparum malaria.

Ma/xrix. A preliminary study in 17 subjects of the usc
of mefloquine hydrochloride in single I-g doses as a

~i~krnann ●t al,, lhd!. SVkf Hltlr Org., 1974, j,, 375.
r hylactic againat drug-r~ista m malaria.— K, H.

Thirty-tive non-immune volunteers infected with I of 3
strsina of PLasmodium /alcipartrm. 2 of tbcm drug-resis-
tant, were treated with a single oral dose of mcfloquine
hydrochloride 0,4. t, or 1.5 The infection was cured

Fin 2 of 12 given 0.4g, 13 0 15 gwcn 1 g, and 8 of 8
given I,5 g. In 5 partially-immune volunteers infected
w[th P. vivax cures were achieved with single doaea of
0.4 as 1 g in two, bu! infection reappeared in the
remaining 3 urbjecta aod was subsequently cured with
chloroquine and primaquinc.— G, .M. Trcnholmc ●t a/.,
Science. 1975, 190, 792.
None of 21 volunteers bitten by 10 to 15 mosquihxs
heavily infected with P. /alcipamrm developed malaria
when given mcfloqcsinc hydrochloride 250 or 500 mg
weekly, 500 mg every 2 weeks. or I g every 4 weeks.
DOSCSof 2S0 mg weekly suppressed P. viva.x infections
during drug administration but malaria appeared when
Waatmcnt ceased.— D, F, Clyde er al,, Arrtimicrob, Ag.
Chemather,. 1976.9, 384.

Of 39 patients ‘with chlomquine-rcaisrant falciparum
mataria. 36 (92%) were cleared of infection with no
cceaudcacencc ?.ftcr trcs{mcnt with quinine. sulfadoxinc.
and pyrimethamine, by the regimen of A.P. Hall (Br.
med. J., 1975, 2. 15: ace under Quinine, p.4fJ5), while
all d 35 were ckarcd by treatment with

‘l’’i”in’ ‘0’-Iowcd by a single dose of mcflcquine hydmch ortde 1.5 g
(one patient received only I g). Side.efkts in 40
psticnta given metlquine were abdominal pain (7).
anorcxis (6), diarrhoca (6), dizziness (9), nausea (3).
vomiting (9). and wcskncas (3). Side-effccta were mini-
mat or absent if at least 12 hours elapsed after the last
dose of quinine.— A, P, Hall ct a/.. Br, med. J,, 1977,
1, 1626.
Arrirmd studies of the antimalarial activi[ics of 4-quino-
Iincmetharrafs including mefloquine and a report of the
US Army Malaria Rcsmrch Program.— L. H, Schmidt
et al., Amirrricdx Ag. Chemother, ] 978, 13. 101 I.

Of 37 paticrssa with chloroqumc. resistant fatciparum
malaria all were rsdi~lly cured by a single dose of
mcfloguinc hydrachlorrde 1.5 S. S~de.effcccs (na”~.
varnmrsg, diarrhoca, dizzrrr~, headache) could probably
~ reduced by a fornrulat]on dcs[gncrt tO SIOW abaorp-
tson.— E. B. Dobcrstynet al.. Bul/. W/d Hlth Org..
t979. S7, 275.

MetAslism. Prelim~na~ s!udy in 1 subject given a sin-
gle doac of rnCflOgUInC Indlcatcd rtkxIwely rapid absorp-
tion, cxtcnswe drstrsbutton. and prolonged ciiminatirsn
plssses. Mcflcqui,nc was rcporccd to be extensls’ely bound
to phwsrs proteins and to be concentrated m cryth~o-
cyms.— J. M. Grindel ●f al.. J. pharm. Sri.. 1977.66,
834.
T%e kinetics of meflcquine hydrochloride.— R. E. Dcs-
jardins ef aL. C!irr. Pharmac. Thtr. 1979.26. 372.

1382-g

lMepacrine Hydrochloride IB. P,, EUr P L

Mepacrini Hydrochloridum: Acrinamine; Quinac-
rine Hydrmhloride /fJ. S.P.): Quinacrinium
Chloride; Acrichlnum; Antimalarinae Chlorhyd-
ras: Chinacrina. 6- Chloro-9-( 4-dicthylamlno-i -
merhylbutylamino )-2-met hoxyacndinc dihydroch-
Ioride dihyarate
C:j H1oCIN”lO. 2HCI. 2H:O=508.9.

CAS — 83-.99-6 (mepacrirrej: 69-05-6 (dih.vd-

rochloride, anh.vdrrru ~ I: 615 [-30-43 ldih.vdroch -
/orrde, dihvdrarel



400 Chloroquine and other Antimalarial

t( Pharmacopocms. In Arg., Belg,. Br., Bra:., Eur., Fr.,
Ger., Hung, lnd., lm.. 1(., Mcx .Veth.. Nerd., Pol.,
Rus., Span., SUMS, Turk., and L.S.

A brighl yellow odourless crvscalline powder with
a bitter [astc. M .p. about 2-50’ with tlecamposi-
Iion. Soluble 1 in 35 to 40 of waten soluble in

-_~=_aicohol; slightly soluble in dehydrated alcohol;
+ery slightly soluble in chloroform; practically
Insoluble in acetone and ether. A 2% solution in

r

k
~;

water has a pH of 3 to 5. Itscom
alkalis, nitrates, and oxidisirrg a~gnts.
awtlght containers. Protect from hglit.

Incompartihility. Mcpacrine hydrochloride WM incompat.
ible with amaranth, benzylpenmllln, sod! , ~lginasc,
sdium aminosahcylate, sdum Cartixymcti,)lcclhsloac.
sodium Iauryl sulphate, and thiomeraal.— J. Am.
pharm, Ass., procl. Pharnt. Edn, J952, 13, 658.

Adverse Effeets. Minor effects liable 10 arise with
ordinary doses are dizziness, headache, and mild
gastro-irrtcstinal disturbances. Moat patients deve-
lop a yellow dismloration of the skin, Large
dosea may give rise to naus= and vomiting and
occasionally to transient mental disturbances. A
few patients develop chronic dermatoacs after
prolonged administration of the drug; these may
be either Iichenoid, eczematoid, or exfoliative in
type. Deaths from exfoliative dermatitis and from
hepatitis have been reported. The use of mepac-
rine over prolonged periods may give rise to
aplastic anaemia.
Adverse effects of intrapleural instillation include
fever and chest pain caused by the inflammatory
reaction.
The Loxicity arising from prolonged administra-
tion has contributed to the decline in the use of
mcpacrine in malaria.
Two

Y
tients had Convuklons a few bows after tbe

intrap cural administration of mcpactine h rochloride
r400 mg for malignant effuaions. One dew opcd status

epilcpticus and died; the other was su-fully con-
trolled with phcnobarbitorsc intravenously and phenytoin
by mouth.— I. Borda and M. Kram, J. Am. med. Ass.,
1967, 20/, 1049.

Mepacrine hydrochloride 100 mg daily had been
__~ reported to eausc hacmolytic anaemia in certain indivi-

duals with a deficiency of glucose-d-phrxphatc dcbyd-
.0 enasc. The reaction was no! considered clinical] y sig-

“!m ]cani under normal circumstances (e.g. in the absence
or infection).— E. Beutlcr, Pharmac. Rev., 1%9, 2/, 73.

A patient with rheumatoid arthritii tratcd with mcpac-
rine hydrochloride for about 20 }cars had dcvclopd a
blue-black discoloration of tbc hard palate, the nail
beds. and the skin over the shins, Tbe colour diaap
pearecf when mcpacrinc was sIopped and reappeared
when it was restarted.— M. J. Egorin cr ral., J. Am
med. Ass,, 1976, 236, 385.

Treatment of Adverse Effects. As for Chloro-
quine, p.396.

Precautions. Mepacrine enhances the toxicity of
the 8-amin~uinoline derivatives such as primaq-
uine by inhibiting their metabolism.
Mepacnnc might interrcrc with tluorimctric estimations
of’ plasma hydrocmtisonc.— J. Millhouae, Adverse Drug

r

React Bull., 1974. Dec., 164.

Absorption and Fate. Me~crine is absorbedfrom
Ihthe gastro-mtestinal tract and appears in the

~~q blood within 2 hours. It ~ornes concen[ratcd in
liver, pancreas, spleen, and lung, and higher con-
centrations occur in red and white blood CCIIS
than in plasma, but it also permeates into all
body fluids and, crosses the placenta. It has a
biological half-hfe of about 5 days and is
excreted only VCr> slowly m the urine and faeces.
Mcpacrinc hydrochloride wss bound to serum protciro
tn virro,— G. A. Lutty. Toxic. appl. Pharmac., 1978.
44, .?25,

Uses. Mepacrine was formerly widely used for
the suppression and [reatmenl of malaria but it
has been superseded for these purposes by chloro-
quine and other more recently introduced anti-

> malarials. Doses ranged from
~ -suppression and f ~

e ‘m %~l;;d~l’$tilorisl~~‘ally for treatmenl.
Jsed in the treatment of giardiasis: 100 mg thrice

daily for 7 days is usually cffcctivc.though
relapts ma> occur. A suggested dose for chil-
dren is 2,7 mg per kg body-weight thrice daily.
It has been used for the cxpttlsion of tapeworms:
100 mg is given at intervals of 5 minutes until a
total dose of I g is reached.
Instillations of mcpacrine hydrochloride or mesy-
late are used in the symptomatic treatment of
neoplastic effusions in the pleura or peritoneum
but the treatment is associated with a high fre-
quency oftoxic effects.
For ttrc use or mepacrinc as an arrthelmimic, see A.
Davis, Drug Trearmenr in ln!eslinal Hclmut:hioses,

Geneva. World Health Organization. 1973.

Giaediais. Mcpacrine 100 mg thrice daily ror 5 to 7
days was usually efrcctivc in the treatment of giardiasis,
although a second CUUrae might be required. The dose
for children under 4 yeara old was otwquarter or the
adult dtsc.— Br. med. J., 1974, 2, 347.

A 95% cure-rate was obtained in giardiasis after treat-
ment with mepacnne hydrochloride 100 mg thrice daily
for 7 days. Doaag- in children were: under 1 year,
33 mg thrice daily: I to 4 years, 50 mg twice daily: 4 to
8 ycass, 50 m8 thrwc daily; over 8 years. lfYJ mg thri-
daily, all ror 7 days — M. S. Wolfe, J. Am med. Am..
1975.233. 1362.

Further refercmxa. G. T. Mom cr al,, New Engl. J.
Med., 1969, 281. 402; Med. L@t., 1976, 18, 39; R. E.
Raiznran, Am. J. dig. Dis., 1976, 2/. 1070.

Maligaant eflrnsions. The value of local instillations or
mcpaesinc in controlling effusions in advanced dissemi-
nated nmplastic disease was studied in 60 paticnrs. For
pleural cffusions, an initial dose or 50 to 100 mg was
followed by 200 to 400 mg daily ror 4 or 5 days
patients with ascitcs received 100 to 200 mg followed by
400 to 800 mg daily for 3 to 5 day% The mcpacrinc was
dissolved in 10 ml of the effusion fluid which was then
rc-injettcrt. Of 33 patienta clinical] y evaluated for 2
mon!hs or more. objcctivc control of the cffuaion was
maintained in 27 for 2 to 26 months. Fever, often
accompanied by Ieucocytosis and persisting for a few
hours to 10 days after completion of treatment, was
noted in about half the patients.— J. E. Ultmann ●f al.,
Cancer, 1963, !6, 283.
Tbirtcen patients with ncoplastic cffusions were treated
with mcpacrinc hydrochloride in doses of 100 to 200 mg
daily by local instillations for pleural crfuaions, mad 2CXJ
to 400 mg daily for aacitea, usually for 3 to 5 days.
Clinicdl benefit with favourablc objective changes in all
measurable critetis or the disease was seen in 9 patients
ror periods of up to 27 months. Mild local ioxicity was
rrqucnt but baematopmctic depression did not occur.
No consistent cytolytic changes of tumour =11s were
ohacwcd and response was attributed to the inflamma-
tion and fibrosis produced.— M. R. Dollingcr cl a/.,
Ann. im. m. Med.. 1967.66, 249.

There was a response in 8 of 12 paticn!s with malignant
pleural cffusions given mcpacrme by instillation in small
daily doses, and in 19 or 27 given mcpacrirre as a single
dose through a thoracoatomy tube. More disturbhtg and

Borja and R $. Pugh, Cancer, 1973,31,899.
serious toxicit occurred in the second group.— E. R.

A beneficial cfrect (leas than 500 ml fluid drawn at
each plcuroccntesis in 3 months) was achieved on 9 of
14 occasions afler the instillation of mepacrinc ( 100,
200, and 200 mg rmpxtively on 3 cccastons in I week),
on 4 of 15 cmcasions after thiotcps (20 mg per instilla-
tion), and on 1 of 9 occasions after pleuroccntc.ais alone.
Fever and chest pain were limiting factors: mepacrinc
was sunablc if the patient’s condiuon and prognosis was
good; otherwise thiotepa or pleuroccntcais were
preferred.— J.Mcjeretal.,Samd J.rcsp Dis.. 1977,
58, 319.
Further references” J. A. Hickman and M. C. Jones,
Thorox, 1970, 25, 126; M. Lee and D A. Boycs, J.
Obsrel. Gyrroec. Br. Commonw., 1971, 78, 843.

3%ewrcothorux A patient with cystic fibrosis was treated
for pneumothorax on, the left side by the instillation of
mcpacrmc hydrochloride 100 mg in 15 ml saline into the
intrapleural space on 4 consemmve days. Th!s procedure
was repeated 12 months later ror pneumothorax on the
right. There was no recurrence of pneumothorax on
either side before the paticn! dmd I I months after the
second treatment after several relapses of chronic pul-
monary dmasc — J. Kattwinkei PI a/.. J Am med
Ass., 1973, 226, 55; Set also R E. Jones rrnd S T
Giammona, Am J DM Child., 1976. /30, 777.

Tubal orclusioh T*o to 4 ml of a 30% aqueous suspen.
slon of mepacrlnc hydrochloride inshlled transvaginally
once in the Immcd! ate rmstmenstrual phase or 2 conse-
cutive cycles reduced tubal occlusion In 93% or 134

womer, — Advances Ir Methods of Fcrtdi~! Rcgulatmn,
Tech Rep .% Wld Hl:h Org ,No, 527. 1973

SixI} women desir]ng sIcrilisa!]on were treated b! [he
appll: atjon. b} cannula wi!hln the ulerus. of I ~ O(
mepacnnc hydrochlor]dc suspended In 7 ml of stcrljc
water Of 52 available for examlnat]on 4 momhs 121CT,
22 had bilateral lubal patency and 3 unilateral pa Lenc},
a rurther 6 were progrrant. The low success-rate oi a
slnglc application iridicatcd I!mlted usefulness — c
Israngkun et al., Contraccpfion, 1976.14, 75.

watrrs. A local injection Iechniquc was used m the Ircai.
ment of warts in children A 4% solution of mcpacr!nc,
in dosea of 0.1 to 0.2 ml, was injected into the heahhj
skin at the base of the wart, 3 to 6 warts benrg treated
at each session. The injections were repeated [u ICC11“o
response followed the first injection. The trcatmcn~ uas
sucwssful in 97 of 112 patients 11 sometimes caused
slight transient pain.— A. 1. Lopatin. Pediam.m 1966,
45, 71. per Absfr. W/d Med., 1966, 40.446,

Preptsrattions
MepacrkoeTabkts (BP.). Tablets containing mepacnnt ‘
hydrochli5rid~otm from ~.

Quissacrirre Hydrochloride Tablets (L’. S.P./. Tablets con.
taining mcpacrine hydroch~ Store in airtlghl con-
tainers.

Proprietary Names
Atabnnc (Winrlsrop, Canad.j: Atabrinc Hydrochloride 4
~trir~, USA),

,---- ---

Mepscrine hydrochloride was formerly marketed m
certain cmsntriea under the proprietary name Qulnacr!nc
(May & Baker).

1383-q

MepacrirceMesylate. Mepacrmc Methancsulphonaw
(B.P.C. 1963).

C2JH10CIN30,2CH1 S01H,H20-610,2.

CAS — 3/6-05-2 (mrhydrous)

Bright yellow odourless crystals with a bitter Iasle
Mcpacrinc meaylatc 120 mg N approximately qutvalenl
to 100 mg of mcpacrinc hydrochloride. SoIublc I in 3 or
water and I in 36 of alcohol. A 2% solution m wa[cr
has a pH of 3 to 5. Protect from light. Solutions should
not be heated, or stored for any length of time

tiara. Mcpacrinc roes> late has actions similar to !hose O(
mepacnrrc hydrochloride, but as II M more soluble than
the h>drochloridc it has been administered b) In:ra.
muscular injection in the treatment of severe malaria .4
dose or 360 mg has been gtven in 2 to 4 ml of W“aIcr
for In.iecl ions.
It IS gwcn by Intrapleurai or Intraperilonca] ]ns[illa[lon
!n [he treatment of ncoplastic cI_fustons.

Preparations

Mepacrioe Mettcaneasdphotmte Injection (BP C /963/

Mepacrinc Mesylate InJect!on A stenlc solution of
mepacnnc mesylatc in Water for Injections, prepared by
dissolving, immediate} before USC,the sterile contcnls or
a scaled container in U’atcr ror injections.

Mcpacrinc mcsylate was rormcrl) marketed In certstn
countncs under the proprietary name Qu,nacr]nc
Soluble (hfay d Baker)

1384-p

Pamaquin (fl. P. /9531 Gamete.adum: Pamachin:
Pamaquinc Embonatc. Plasmoqulnum, SN 971 8-(4-
Dicth} Iamino-1 -meth~ lbutylamino)-6. methoxyqu!noline
4,4’-methylencbis( 3-h! droxy-2-naphthoate).
C,: H,< X30,-=703.8

CAS — 49/-92-9 (baJeJ, 635-05-2 (embonafel.

A yellow 10 orange-:ellou odourless powder uith a b!!.
Icr taste Practical! insoluble in wa~cr: soluble I In 20
of alcohol.

Uses. Pamaquin was formerly used in the trcalmenl of
malaria but has been superseded b} prlmaqu[ne phosp
hate



A. INGREDIENT NAME:

SILVE R PROTEIN MILD NF

B. Chemical Name:

C. Common Name:

Argentum Crede, Collargol (9CI), Colloidal Silver, Stillargol, Vkargdnol, Aust.:
Coldarg~ Fr.: Pastab~ Ger,: Coldargaq Ital.: Arscolloid, Bio-Arscolloid, Corti-
Ascolloid, Rikosilver, Rinatipiol, Rinovit Nube.

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

(Specij7cation@ (ResuIts)
Assay: (afler ignition) 19.0-23.0% 19.74V0

.-

E. Information about how the ingredient is supplied:

Brow Dark-Bro~or almost black, odorless, lustrous scales or granules, somewhat
hydroscopic, and is tiected by light.

F. Information about recognition of the substance in foreign
pharmacopoeias:

Aust., Belg., Cz., Fr., Hung., It., and Jpn.

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Isenberg, S., Apt, L., and Yoshimuri. Chemical preparation of the eye in ophthalmic
surgery. II. Effectiveness of mild silver protein solution. Archives of Opthalmo/ogy, 1983;
101(5):764-765.

Apt, L. and Isenberg, S. Chemical preparation of skin and eye in ophthalmic surgery: an
international survey. Opthalmic Surgery, 1982;13(12):1026-1029.

-.
.—
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H. Information about dosage forms used:

Liquid

I. Information about strength:

1-20%

J. Information about route of administration:

Nasal
Opthahnic

~ Stability data:

L. Formulations:

M. Miscellaneous Information:-----.

---
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PRODUCT: SILVER
RELEASE #: N

1.

2.

3.

4.

5.

6.

.

DESCRIPTION

..

CERTIFICATE OF ANALYSIS
- - - -- - - - - - - - --- - - - - -- - -

PROTEIN MILD

LOT # :B61695G18

SPECIFICATIONS
- - - - - -- -- - ___ -

Black granules

Identification To pass test

Volubility To pass test

Assay (after ignition) D 19.0 - 23.0%

Ionic silver No turbidity

Distinction from strona
silver protein

#
To pass test

----.-

ATTENTION: TONY HATCHETT

Date :06/23/97

10762

.-iii.

./

Prepared by

/

RESULT
----_-

Conforms

Passes test

Passes test

Conforms

Passes test

.,

.. A. HAZARI

Approved by



QUALITY CONTROL REPORT

CHEMICAL NAME. :SILVER PROTEIN MILD NF .4

MANUFACTUWI LOT NO. :C64O51D1O

PHYSICAL TEST

SPECIFICATION TEST STANDARD .:USP /BP /mRCK /NF /MART. /CO.SPECS.—. —. — —“

l)DESCRIPTION .:

M

BROWN,DARK-BROWN,OR ALMOST BLACK,ODORLESS,LUSTROUS SCALES OR
GRANULES; SOMEWHAT HYGROSCOPIC,AND IS AFFECTED BY LIGHT.

5

2)SOLUBILITY .:
FREELY SOLUBLE IN WATER. ALMOST INSOLUBLE IN ALCOHOL,CHLOROFO~
AND IN ETHER.

3)MELTING POINT.:
-.—-. ,

4)SPECIFIC GRAVITY

5)IDENTIFICATION. :
A)COMPLIES (B) AS
B)COMPLIES (C) AS

PASSES. :

.:

PER NF 10th EDITION 1955.
PER NF 10th EDITION 1955.

FAILS .:

COMMENTS.:

ANALYST SIGNATURE. : DATE. :

PREPACK TEST.: DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :
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------------------ IDENTIFICATION -------------------

PRODUCT #: 29824-7 NAME: SILVER PROTEIN, MILD
CAS #: 9015 -51-4

SYNONYMS
~ ARGENTUM CREDE * COLLARGOL (9CI) * COLLOIDAL SILVER *

------------------ TOXICITY HAZARDS -------------------
RTECS NO: VW3675000

SILVER COLLOIDAL
TOXICITY DATA

ORL-MUS LD50: 100 MG/’KG JPPMAB 2,20,50
REVIEWS, STANDARDS, AND REGULATIONS

ACGIH TLV-TWA 0,01 MG(AG)/M3 851NA8 5,529,86
MSHA STANDARD-AIR: TWA 0.01 MG(AG)/M3 DTLVS* 3,231,71
ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES

(RTECS)
DATA IS PRESENTED HERE, SEE ACTUAL ENTRY IN RTECS FOR COMPLETE

INFORMATION.
------------------ HEALTH HAZARD DATA -----------------

ACUTE EFFECTS
HARMFUL IF SWALLOWED, INHALED, OR ABSORBED THROUGH SKIN.
MAY CAUSE EYE IRRITATION.
MAY CAUSE SKLN IRRITATION.
TO THE BEST OF OUR KNOWLEDGE, THE CHEMICAL, PHYSICAL, AND
TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED.

FIRST AID
IN CASE OF CONTACT, IMMEDIATELY FLUSH EYES OR SKIN WITH COPIOUS

AMOUNTS OF WATER FOR AT LEAST 15 MINUTES WHILE REMOVING
CONTAMINATED

CLOTHING AND SHOES
IF INHALED, REMOVE TO FRESH AIR IF NOT BREATHING GIVE ARTIFICIAL
RESPIRATION IF BREATHING IS DIFFICULT, GIVE OXYGEN
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS

CONSCIOUS
CALL A PHYSICIAN
WASH CONTAMINATED CLOTHING BEFORE REUSE

-------------------- PHYSICAL DATA --------------------
APPEARANCE AND ODOR

DARK-BROWN OR BLACK FLAKES
------------ FIRE AND EXPLOSION HAZARD DATA -----------

EXTINGUISHING MEDIA

.—- WATER SPRAY-—
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM

SPECIAL FIREFIGHTING PROCEDURES



--
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING

TO
PREVENT CONTACT WITH SKIN AND EYES

UNUSUAL FIRE AND EXPLOSIONS HAZARDS
EMITS TOXIC FUMES UNDER FIRE CONDITIONS

------------------- REACTIVITY DATA -------------------
INCOMPATIBILITIES

STRONG OXIDIZING AGENTS
PROTECT FROM LIGHT
ACIDS

HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS
TOXIC FUMES OF
CARBON MONOXIDE, CARBON DIOXIDE

--------------- SPILL OR LEAK PROCEDURES --------------
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED

EVACUATE AREA.
WEAR SELF-CONTAINED BREATHING APPARATUS, RUBBER BOOTS AND HEAVY

RUBBER GLOVES
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL
AVOID RAISING DUST

~-. VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS
COMPLETE
WASTE DISPOSAL METHOD

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN
INA

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERB URNER AND SCRUBBER

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

WEAR APPROPRIATE NIOSH/MSHA-APPROVED RESPIRATO~

CHEMICAL-RESISTANT
GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING
SAFETY SHOWER AND EYE BATH
USE ONLY IN A CHEMICAL FUME HOOD
DO NOT BREATHE DUST.
AVOID CONTACT WITH EYES, SKIN AND CLOTHING
AVOID PROLONGED OR REPEATED EXPOSURE
WASH THOROUGHLY AFTER HANDLING
TOXIC
KEEP TIGHTLY CLOSED
LIGHT SENSITIVE
STORE IN A COOL DRY PLACE
TOXIC BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED
IF YOU FEEL UNWELL, SEEK MEDICAL ADVICE (SHOW THE LABEL WHERE



POSSIBLE).
WEAR SUITABLE PROTECTIVE CLOTHING, GLOVES AND EYWFACE
PROTECTION,

REGULATORY INFORMATION
20 O% SILVER COMPOUND
THIS PRODUCT IS SUBJECT TO SARA SECTION313 REPORTING REQUIREMENTS

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE



Sanguinaria/Slippery Elm 1751

lge.

[-reparations
Namesof preparationsarehs!ed below: details are gwen in Part 3.
Ot?icial Preparations
fNW 18: Phannaceuocal Glsze.

Siam Benzoin (273-c)
Banjoin du Laos; Benzoe Tonkinensis.

Phormacopoejas. In AIJSL, Chin,, Fr.,k., and Swiss.Also in many
pharmacopoeias under the title benzoin and should not be
confused w!th Sumatra Benzom Hung.,jpn, and USallow both
Siam benzom and Sumatm benzoin under the title Benzoin.

A bsksrnic resin from Srya.c ron!cmensis(Styracaceae) and
containing not more than 10% of alcohol (90%)-insoluble
matter,
Yellowish-brown to rusIy brown compressed pebble-like
tears with an agreeable, halsamic, vanilla-like udotrr. The

Multi.inmdient p

,.
Silver (53I6-V)

E174, L

{

,armocopoe!as. In Swrss, 1
‘~ ~ pure white, malle~ble and duc... r

is srgyriz a generzd gmy diacolorstion. Silver is used as a cOl-
oming agem for sctme rypes of confectionery. h is also used
ss Argentum Metallicum in horrreopsdry.
Numerous salts or crrmpnunds of silver have been employed
for various therapeutic purposes, including silver aceta[c
(p. 175 1). silver allantoinate and silver zinc allrmtoinate. silver
borate, silver carbonate, silver chloride, silver chromate, sil-
ver glycerolate, colloidal silver indide. silver lactate, silver
manganite, silver nitrate (p.1751 ), silver-nylon polymers, sil-
ver protein (p. 1751), and silver sulphadiazine (p.273).

A repnrt of reversible ncuropatby s.ssncialed with the abao~-
tion of silver fmm m artfrroplm:y cement. j
1. Vik H, cr al. Neurnpathy caused by silver absorption from z-

throplsrty cement. f.ancet t 985: i: 671.

Coating carhete~ with silver has been reported to reduce the
incidence of catheter-associated bacteriutia, )z but other smd-
ies have qrrrned increased in fection,3

1. Lundeberg T. Prevcnoon of catheter-arsrmated urinmy-lracl
infections by useof silver-impregnated catheters. Lancer 1986:
Ii:to31.

2. Johnson JR, et a! Prevention of calheter-associated urinary
trac[ tnfecoon$ with a silver oxide-coated urnrary cathclcc
chmcal and microbiologic correlates. J lnfrcI Dis 199& 162:
I I45-50

3. Riley DfC ef at. A large randomized clmcal uial of a silver-
imprtgnated urinary catheter: lack of ef6cacy and staphylwo.
ccal superinfcctirm.AmJ Mtd 1995,98349-56.

Preparations
Names of preparations arc listed below; details art given in Prm 3.
Proprietary Preparations
AusrraL: Micropuc Canorf.: Tabmril; Gez: Dulcsrgsrrt; SOarget-
tent.

Multi.ingredient preparations. Ausird.: Sims-Vmix Bsnd-
aget; Simsniwt; Fr: Sr&ile! T au Cuivrt Ar’genrt; Gez: Adserr-
gant; Grftnc Salbt “Schmidt” N; /ta/.: Actisorfz Plus: AgipilY
Katoderrrc Katoxyq Nova-T Silver-Nova Tt; Spurn: Ao3enmcrn-
mo: UK! Actisorb Pius.

Silver Acetate (53 I 9-P)

Argerm Acetas.
CH3COOAg = 166.9.
CM— 563-63-3.
Phormocopoekm In Aust and Hung.

Silver acetate hsa been used similsdy [O silver nifrste ss a dis-
infectant. It has also been used in smismoking preparations.

References.

1. JensenEJ, er al. Serum concentrations and accumulation of sil-
ver m skm during three months’ treatmcm with an ami-smok.
ing chewing gum conraming silver acelale. Hum Toxicol19K?:
7; 53s40.

2. Gourlay SG. McNciIl 11. Antisowkmg products. McdJ Auf!
1990,1S3:699-707.

Preparations
Namesof preparations szc listed below; derails rue given in Pan 3.
Proprietary Preparations
UK Tabmin[.

silver Nitrate (532Ih)

Argenti Nmss: Nrersro de Placz Nttrato de Prata
AgN03 = 169.9,
CAS — 7761-88-8.
Pharmocopuefos.In AUSL,Be/g.,&., G., Eur.,Fr., Gee, Hung..

,!,

ues to the Convention on the Elaboration ofa European Phar-’
macopocw., see p.xw

Colorless or white transparent crystals or crystalline ndmm-
Iess powder. On exposure to light in the presence of organic
matter, silver nitrate becomes grey or greyish-black.
Soluble I in 0.4 of water and I in 30 of alcohol: ifs $Olubiliv
is increased in boiling water or alcohol; slightly soluble in
etier. A solution in water has a pH of about 5.5
Silver mtrate is incompatible with a rangeof substances Al-
though n is unlikely that there will be a need to add any of the
interacting substances to silier niuate solutions considering
m current uses. phmnzacists should be aware of the pmenosl
for incompatibdity. Stem in ainigh: non-metaflic containers.
Protect from Iigh[.

The repined yellow-brown discoloration of samples of sill er
mrmte bladder imigatmn ( 1 in 10 000) probably arose from
the rtaction of {be silver nitrate w:ti alkali reltased from tie
glass bottle wh]ch appeared to be soda-glms. [
I PSGRtit) ReportP/#O/b19S0.

Adverse Effects
Symptoms of poisoning stem from the corrOsive ac~)Onof sil-
ver nitrate and Include pam in the mouth. sialorrhoea, diw-
rhnt~ vomiting, coma, and convulsions.
A shon lived minor conjunctivitis is common in infmm given
silver mwme eye drops, repeated use or the use of hjgh con-
centrations produces severe damage and even blindness

Cbmnic applicafimr to the conjunctival, mucoussurfsces,or
open wnunrfs leads to srgyris, which though difficult to treat
is considered to frt msitdy a cosmetic hazard, see under Silver
(abuve).
Abaurpeion of nitzite following reduction of nitrate may cause
methaemoglobhrsemia. There is also a risk of electrolyte dis-
turbances,
Treatment of these adverse effects is symptomatic.

Silver nitrate from a stick containing 75% was applied to the
eyes of a newborn infant insttad of a I % solution. 1 After 1
hour rfrcre wss a thick pumlent secretion. the eyelids were red
sncf nedentatouq and the conjunctival markedly injected. The
corneas hsd a bhte-grey bedewed appcamnce with sreas of
cnmeaf npacification. After treatment by lavage and topicaJ
appbcstion of antibiotics and homarmpine 2% there was a
marked improvement snd sfier 1 week topicaf application of
corricerstcroids wss started. Residucd damage wss limited to
slight corrreal opacity.
1. Homblass A. Silver nitrate ocular damage in ncwboms. JAMA

1975; 231:245.

Pharmacokinetics
Silver nittste is not readily absorbed.

Uses and Administration
Silver nitrate possesses disinfectant properties and ia used in
msny countries ss a 1% solution for the prophylaxis of gono-
ctxcal ophthshrtia nermatorum (W Neonatal Conjunctivitis,
p.151) when 2 rbups are instilltd into each conjunctival asc of
the neonate. However, m it csrr cause imitstion, other agen~$
sm oftenused.
In stick form it lass been used as a caustic to desuny wsres and
other smsll skin growths. Compresses soaked in a 0.5%solu-
tion of silver nirzate have been applied to severe bums to re-
duce infection. Solutions have SJSObeen used as ropical
disinfectants and astringents in other conditions.
Silver nitrate (Aegenmrn Nirricum; Argent. Nit.) is used in ho-
moeopsrhic rwdcinc. It is also ussd in cosme:ics to dye eye-
brows and eye Isshcz in a concenemrion of not more thsn 4%.

CystMs. Corrrm.mr on silver eairrste irrigation having Iimitcd
value in fire management of hemorrhagic cystitis sfter radi -
otfrempy. 1
1. Anmrynmus.Haemonhagic cystUis after radiotherapy. Lamer

19.s7:k 304-6.

Preparations
Nsmsof prepsmrions are Iistcd btlow derails are given in Parr 3

Ofticfaf Pr’epandorss
USP 23: Silver Nir-atc Ophtbalrric Solution; Toughened Silver
Niusrc.

Proprietary Preparations
Au$rral: Howe’s Soltrtiont; Quitt: Gee: Mova Nitrat; Pluralane:
SfMi.: Argenpaf.
Multi-ingred- preparations. AusrraL:SuperBanish; Sfxrin:
Argentofenol; .%.’irz:Grafco: UK: AVOCA.

Silver Protein (5322-m)

Albumosesilbec Argemoproteinum, Argenwm Prcnemicum;
Prorargolum; Prutemato de Plata Pmtemato de Pram Strong
Prvrargim Smortg Pmtem Silver Strong Silver Prcmem.
CAS— 9007-3.S-6 (colloidal silver).

NOTESynonyms for mild silver protein include: Argentopro-
teinum Mite; Argenfum Vwllinicum; Mild Protsrgin: Mild
Silver Proteinstt; Silver Nucleirmte: Silver V]mllin;
Vitelinato de PfsM and VrteIinato de Pmta.

on fmcturc and brittle at ordmaty temperamres, but
sufte

Si n used similarly to Sumatta benzoin
en used as a preservative mrd was for-

m ration of benzoinawd lard
.%. ~

isted below: details arc given in Psri 3.

Officia
T>ncmre; Podophyllum Resin Tcpi-

cd Solution.

. Can&.: Benzoursprayt: Cold
in: VabosBafmmIcos; .

,-

~.= 107. B682.
i — 7440.22-4,

~

“~ silver possessesantib~cterial pro
., $&r as the metal or as silver salt.

. @3s[ extent and the mmn problem ed with the metaf
y

~ Symbl tdenotes a prepsratio er acrively marketed
,,..
,’

hrt, k, jpn, Neth., Purt,SWISS,and US
The standards of Ph.Eur.aDDlvto those counwtes that am Dar-f-Ph~rrnacopmi& lnAust,Be/~.,6, Fr.,Hu”p,, k-,a”d,f.m,f”fany

of these pharmacopoems Imclude monographs on mild silver
protein as well as on colioldal silver.

Silver protein snhrrions have antibacterial propemes, due to
the presence of low concentcmions of ionised silver, mzdhave
been used as eye drops srrd for application :0 mucous mem-
brsnes. The nrrld form of silver prntein is considered to be less
irritating, but less active.
CoOoidsl silver which is also a preparation of silver in com-
bination w]th pmrein has also been used topically for its anti-
bacterial aclivi:y.

Preparations
Nanrtsof preparauons are listed below; demils are pven m Pan 3
Proprietary Preparations
Fz S~iliac~L

Multi-ingredient preparations. Ausr.: Coldargan; FZ: PmIa-
ba; Ge~: Coldargant. /ra/.. t%colloid, Bio-Arscolloid: Cotii-Ar-

)

L

scolloid; Rikosilver; Rinantipiol; Rmowt Nubt.

Siippery Elm (5458-I)

Elm Bark: SIIppeV Elm Bark Ulmus: Ulmus Fulva

Phorrtwcopoetos. In US.

The dried imrer bark of Uhnusfuh,a (=U. rubra) (Ulmaceae).

Slippery elm concains much mucilage and has been used as a
demtdcent.
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Epidermerl rrecrolysis. Based on the treatment of 10
cases, the following was sussat~ as t~eatment fOr tOxic
epidermal necrolysix continuous motst compresses of
silver nitrate solution 0.2S to 0.5%, with generous wrap-
ping LO prevent excesswc cooling daily eltitrolyte
estimation and daily debsidement: af!er abou! the
fourth day the conrpreasrs could be replaced by dexame-
thaaone/nenmycin spray followed by munction of wool
alcohols ointment. A penicillin should b given routinely
and steroids if vasculitis was present.— P. J. Koblenzer,
Archs Derm.. 1%7, 95.608.

Herpes w’mple~ Silver nitrate I% had little effect in
vitro or in vivo against herpes simplex vims type 2.—
V, R. Coleman et al,, Arrtimicrab. Ag. Chemother..
1973, 4.259. A further study.— F. Shimizu er al., ibid,.
1976, 10, 57.

Hydarid cysts. Intrahepatic cysts of Echinocacrw grm-
ufosta were treated wi}h excellent remits in 20 patients
by freezing the operauon area then administering silver
nitrate 0.5% to destroy tbe scolicea.— I. Nazarian and
F. Saidi, Z. Tropenmrd. ?arasit.. 1971. 22, 18% per
Trop. Dis. @l., 1971.68, 1356.

Ophthalmia neonamrum. In a study of the incidence of
ophthalmia nconatorum in 220000 births, it was found
that in 92865 cases where preparations other than silver

Mia nemratomm was O.0~ whereas where silver nitrate
nitrate were used the ~r uency of gonccaccal ophthal-

was used the rate was O.I%. Silver nitrate did not
always suppress tbe development of the condition and
seemed no more effective than other agents. While a
drop of I% silver nitrate solution did no harm, there
was little evidence that it did any gcad.— Lancer. 1949,
1.313.
Of the 49 states of the USA which had made regula-
tions requiring routine prophylactic treatment of the
eyes of newborn infarrta. 22 had specified silver nitrate
applications: NO evidence had been found to conttzt-indi-

h~ndled. and administerd.~e~~~ea~[;~~~~id~~~~/
cate I% sllvcr mtrate dr

gonorrhea had rendered continued routine prophylaxis
necessary.-P.C. Bamam. New Eng[. J. Yed.. 1966,
274, 731. Fewer local reactions occurred with penicillin
than with silver nitra[e eye-drops. Penicillin for neonatal
prophylaxis should not be abandoned. since it did not
apvar to sensitise infants.<. Nathenrm {letter). ibid.,
275, 280. Eye-drops containing kxs than 2% of silver
nitrate were mnsidered to be ineffective. Trmtment was
effective if applied early and prophylaxis was advised
only in infants whose mothers were known or suspected
to be in fected.— E. B. Shaw (letter), ibid., 281. See
also P. Kobcr, Medsche K[in., 1967, 62. 424.

To prevent gonorrhoeal ophthalmia neonatorrrm, a 1%
solution of silver nitrate was instilled at birth. The
chemical conjunctivitis caused by silver nitrate was of
short duration.— P. Th ygrson, J, Am. med. Ass,, 1967,
201, 902.

For reports on the chemical conjunctivitis asaaciated
with instillation of silver nitrate eyedrops and recom-
mendations for reduction of the incidence, see Adverse
Effects (above).

Pnessrraorbor- Spmrtaneaua pneumothorax was succeaa-
fully treated in 132 patienta by pleurodcais induced with
silver nitrate repeated pieurodcais was necessary in only
2 patients. It waa suggested that this therapy should be
used for patients with only small or no blebs visible on

ease.- 1. Anderson and ~. Nis.mn, Dts. Chest, 1968,
thoracoacopy, or with onl mild pre-existing lung dis-

S4, 230, pm J. Am. med. Ass., 1968, 206. 6g 1.

Wounds Silver nitrate solution 0,5% was more effective
against Gram-positive than Gram-negative bacteria” in
the treatment of nonthermal war wounds. The solution
did not hinder wound healing or epithelialiaation of split
thickness skin grafta.— J. P. Connosa et al.. Archs
Surg., Chicago, 1969, 98. 119, per J. Am. med. Ass.,
1969, 207, 580.

Preparations
MitigatedSlher Nitrate (B.P. C. f 968). Argenti Nitras
Mitigatu~ Mitigated Caustic; Argcnti Nitras Dilutus.
Silver nitrate 1 and potassium nitrate 2, fused together
and suitably moulded for application as a cauatic to
warts and condylomas. Protect from light.
A similar meoaration m included in several pharmaco-
poeias. “ “
Silver N}trate Stain Remover (f-hi?. OJ Iowa). Thiourea
(NH2.CS.NH,=76.12) 8 g, citric acid monohydrate 8 g,
water to 100 ml, It should be freshlv oreuared..,.
Toughened Silver Nitrate (BP.). Argenti Nitras Indu-
ratus; Toughened Caustiq Fused Silver Nitrate, Lunar
Caustiq Moulded silver Nitratv Stylus Argenti Nitrici.
SWer nitrate 95 and potassium nitrate S, fused together
and suits bly mouldcd.
White or grcyish-white cylindrical ruds or cone% which

become grey or greyish-black on cxpaaure to light.
Freely soluble in waten sparingly soluble in alcohol.
protect from light.
A similar preparation is included in several pharmaco-
poeias.

Tmrghersed Stlver Nltmte (U.S.P.). Contains not Ieaa than
94.5% of AgNO~, the remainder consisting Of silver
chlor!de. Store in airtight containem. Protect from light.

Cresrru
SIIW Nltnte Crsmm. Silver nitrate. 0.5 or 2%, Xali.
tin- 15 20%. water to 100%. The cream was stable with
only digbt discoloration when stored for 4 weeks in the
dark at roam tempcraturti at On to 4* there was nO
discoloration.-Pharm. Sot. Lab. Rep. P/68/ 15, 1968.

Ey.drops
OculoguttaeArgerrtiNftratispro Neonstia(Dan. Disp.).
Silver nitrate 670 mg, potassium nitmte 1.2 g, and
Water for Injections. 98.13 g.
A similar preparation is included in F.N.Belg.

Silver Nitrate Eye-drops (B.P.C. /954). Gutt. Argent.
Nit. Silver nitrate 0.5% w/v, potaasium nitrate 1.33%

W/V. in ~lutiOn fOr Eye:drOF.
Nerd. P. has 1% w/w with potassium nitrate 1% w/w in
Water for Injections.

Oirrtnrenta
Urrguetrtsrm ,isgcrrri Nhatka Compositwrr- Compound
Silver Nitrate Ointment. An ointmen[ with this title is
included in aevcral pharmacopoeias. It contain-s silver
nitrate 1% and Peru balaam 5 to 10% usually in a basis
of yellow soft paraffin or yellow wft paraffin and WOUI
fat.

opbtkralmic SoIutiorra

Silver Nkste OphthalmicSofuekon(U.-SF.). A solution
of silver nitrate 0,95 to 1.05% in an aqueous medium.

H 4.5 to 6. It may cantain sdum acetate as a buffer.
&om in si”glc-dose containers. Protect from light.

Solutiosw
Ammoniacal Silver M!trate SoIutissa(U.S.N.F. XJf,
1965). Ammoniacal Silver Nitrate, Howe. A solution of
diammirtos.ilver nitsatc was prepared from silver nitrate
704 g, water 245 ml, and strong ammonia solution to
dissolve all but the last trace of precipitate (abuut
680 ml).It contains 28.5 to 30.5% w/w of Ag and 9 to
9.7% w/w of NHU Store in small glaaa-stoppered con-
tainers or in ampoulex. Protect from light.
This aoiution has beerr employed in dental surgery to
deposit silver in expased demine or to till up small crev-
ices in the teeth. After the solution had been applied to
the touth it was followed by a reducing agent such as a
10% formaldehyde solution or eugenof to cause a deposit
of metallic silves. The solution has also been employed
in the treatment of fungous infections of the nails.

Solutio Asgentf NW’stis cum Tetraeaino (Nerd. P.).
Silver nitra[e 200 mg, ametbacaine nitrate 100 mg, and
water 99.7 g. ,,,,

5323-b

Preparations ‘L;
5ilvcr Protein Eye-drops (lf.P.C. 1963). C~
rot. A solution of silver prOtein 5%, with *
acetate or nitrate 0.002%. in water. b.
ving, aseptically, the silver protein in ~,*
solution of phenylmercuric amtate or id{
ferring to the final steriliacd cOntainerI
must be freshly prepared. They are a
by alkali. Protect from light. ji

Proprietary Nmrea :(
Siillargol (Mayo/y-Spimffer, Fr.). “~

-?

“i

-1

Mild Silver protein (fJ.PC. 1968). A:
Mite: Argentum Vitellinicum: Mild SiIvecj
Silver Nucleinate; Silver Vitellim Mild,,~G
rrato de Plata; Vilelinato de Prata.

NOTE. The name Mild Silver protein $
compuund because it is less bactericidal “d _,
than SWer Protein. though it contairra tii

Pharmacopoeias. In Arg.. Belg.. Fr.;,I$@
Roum.. Span.. Swiss. and Turk.

JA h ydroacopic brown powder or nca#’
granuica with a slight adour and taste, w..
23% of Ag.

::@.%duble slowly but completely in water J
soluble in alcohol, chloroform, and ether. .#f
to light it is incompletely soluble in W&
solution in water is iao-osmotic with serum. Is
with cocaine hydrochloride, but conrpakii
atmpine sulphate solution. Incompatible,@
acids, alkalis, tannins. and oxidising ~g,
airtight containers. Protect from ]ighL ~i~

Presesvativc for eye-draps. Phenylm~
0.035% was a suitable preservative ~~a
protein eye-drops sterilised by heating at~,
for 30 minutes.— M. Van Ooteghem; Phase
Belg., 1968, 45, 69.

%
Adversa EfYeet$ Treatment. snd -*
Silver (above). .+

Argyria. Argyria developed in an elded~
prolonged use of mild silver protein 10%,]
W. A. Parker, Am. J. Hosp. Phurm., ,19T

Uaea. Mild silver protein solutions ~v~
properties similar to those of silver pmtem ~
they contain even lower concentratiorra%fig
and are corracquently leas irsitant to the ;
silver protein may be used. therefore. in?~
trationa than silver protein, particularly~
important to avoid irritation of mucotu~
Mild silver protein, uaual[y I to 5%, is @—. . .

, .-’7-...,’...,, .&, , “1 ““r!, ~~.~; ~P~ f UAA. ‘enm.)”~ the pr~phyl=xis Of ophthalmia nWnatOmM;
Mova Nitrat Pippate (Lindopharna, Ger.).

sulution to corned ulcers. ,ri

5322-m

sliver protein (B.P. C. 1%8). Argentoproteinum:
Strong Protein Silven Strong Protargim Argcntum
Proteinicum: Albumoscsilixn Pmtargolum: proteinatO de
Plata; Proteinato de Psata.

CAS — W15-5f-4

Pharmacopwia.s, In Arg,, ArJsr.. Belg.. Cz.. Fr.. Hung..
ind.. lnt., It., Jap.. Pol., Porf., Roum,. Span.. and Turk.

A brown adourlcs.s hygrmcopic pawder containing 7.5 to
8.5% of Ag.
Slowly sol;ble I in 2 of water vesy slightly soluble in
alcohol, chloroform. and ether. A solution in water is
neutral to litmus. .SoIutiona may he prepared by shak]ng
ihe puwder over the surface of cold water and allowing
it to dissolve slowly, or by triturating the puwefer to a
cream with water and diluting. Solutions are transparent
and not coagulated by heat. nor precipitated by the
addition of alkali, alkali sulphides. alkali salts, or albu-
min; they are relatively non-staining. Store in iirtight
containers. Protect from light.

Ad!ema Effects. As for Silver (above).

Ussa. Silver protein solutions have antibacterial proper-
ties due to the presence of low conccntra[ions or ionised
silver, and are used as eyc-drops in the treatment of
conjunctivitis. Solutions are relatively non-irritant unless
they contain more than 10% of silver protein.

Rhiniris. Mild silver protein (Argysol) has”h
many years in children with chronic purI
and has some value in encouraging n% ~q
main disadvantage is Ihc irreversible $t “1
kerchiefs and pillows.— D, F. N. Harri.$@~

Prepamtiotra .-,. .;ji
Mild Silver Protein Eye-drops (i?.P.C:,YI
Argentoprot. Mit. A solution of mild silver P
with phenylmercuric acetate or nitrate O.00~
Prepared by dissolving, aseptically. (he.%
protein in a sterile 0.002% solution of ph?

acetate or nitrate and transferring to the. f~
container. The eye-drops must & freshly: P~

protein ‘ 20% and phenylmcr;uric iritmte{
Water for 1njections. .’:c’tb
Silver Protein ml Ephedrine [natillation(AJ
Protein and Ephedrine Naaal Drops. Mild,~
5 g. ephedrine 500 mg, phenylmercuric I
freshly bailed and ccmled water to IW3 ml-~

-!should be recently prepared. Protect from ht

Proprietary Preparations .,’1

Argotone (Rena, UK). Contains mild si[verl
and ephedrine hydrochloride 0.9% in O.:
chloride solution, available as Na! -
Ready-Spray nasal spray in plastic atomisa~’

Other PsoprietmryNames !!

Argincolor (Fr.): Argirol (Spain); Vilarg6n0i ~
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qddywithhot 3 per cent hydro-
eight of the precipitate so obtained

& Iodide in tight, ligh&resistant

.TRATE SOLUTION
amoniacalSilverlNitrate, Howe

I a solution of silver diamrnino

;quivalent of not less than 28.5
and not less than 9.0 Gm. and

. . . . . . . . . . . 704Gm.

. . . . . . . . . . . 245 ml.

. . . . . . . . . . . 680ml.

. . . . . . . . . . . 1000rd.

ortar and dissolve it inthepuri-
It~~m temperatureand add
;e .all but the last trace of
his last trace of precipitate from

ionisa clear, colorless, almost odorless
‘ected by light. Its specific gravity is

its Solution (1 in 10) responds to the
ntzopage 683.’
:Solution add a few drom of formalde-
recipitata is immediately formed (dti-
mnuum nitrates).
ISilverNitrateSolution(1in 10)add
filter,add 5 ml.of sodium hydroxide
.itmusblue.
remainsfreefromevena transientbiue

fiscalSHver NitrateSolutionadd 3 ml.
theclearfiltrate tested in a flame on a
>f sodium or potassium (distinction jrom

ml. of Ammoniacal Silver Nitrate Solu-
water, 10 ml. of diluted nitric acid, and
;rate with 0.1 N ammonium thiocyanate.
is equivalent to 10.79 mg. of .4g.

jut 1 ml. of Ammoniacal Silver Nitrate
e sample to a Kjeldahl distillation flask

THE NATIONAL FORMULARY 519

withLY3ml.ofwater, and add sufficient of the water to make a volume of 200 mf.;
add 10 ml. of sodium sulfide T.S. and 20 ml. of a solution of sodium hydroxide (4
in 10). Connect the flask to a condenser, the lower outlet tube of which dips
beneath the surface of 50 ml. of 0.5 N sulfuric acid contained in a receiving flask.
Distal the mixture untd about 100 ml. of distdlate has been collected, add methyl
red T. S., and titrate the excese acid with 0.5 N sodiumhydroxide.Eachml.of
0.5N sulfuric acid ie equivalent to %516 mg. of NH:.
The ratiobetweenthe percentageof ammonia and the percentageof silver

closelyapproximates1 to3.16.
Packagingand storage-PresemeAmmoniacal Silver Nitrate Solution in smafl glase-

stoppered, light-resistant containers, or in Iighhreeistant ampuls.

FOR TOPICAL USE—MiXAmmoniacal Silver Nitrate Solution with a re-
ducing agent, such as formaldehyde (1 in 10) or eugenol, to deposit
the metallic silver, in a state of fine subdivision, in the desired area of the
tooth.

CATEGORY—Protective(dental).

MILD SILVER
Argentum Proteinicum Mite

PROTEIN

Silver Protein, Mild

Mild Protargin

Mild Silver Protein is silver rendered colloidal by the presence of, or
Combination with,protein.It containsnotlessthan19 per cent and
not more than 23 per cent of Ag.

Caution: Solutions ofMild Silver Protein should befreshly prepared or
contain a suitable stabilizer, and should be dispensed in amber-colored bottles!

Description-MUd Silver Protein occurs as dark brown or afmost black, shining
scales or gramdes. It is odorless, is frequently hydroscopic, and is tiected by
light.

Solubili~-Mild Silver Protein is freely soluble in water, but almost insoluble in
alcohol, in chlorofo~ and in etherl

Identification—
A: Heat about 100 mg. of Mild Siver Protein in a porcelain crucible until all

carbonaceous matter is burned off, warm the residue with 1 ml. of nitric
acid, dilute with 10 ml. of water, and add a few drops of hydrochloric acid:
a white precipitate is produced which dieeolves in ammonia T.S.

B: Ferric chloride T.S. added ta a .mlution of Mild Silver Protein (1 in 100)
discharges the dark color and a reciitatsisgraduallyproduced.

“?$”C: To 10 mf. of a solution of Mild S1ver rotem(1in100)add a few dropsof
mercurv bichloride T. S.: a white precipitate is formed and the super-
natant “liquid becomes colorless or nearly so.

Ionic silver—To 10 ml. of a solution of Mild Silver Protein (1 in 100) add 2 ml. of a
solution of sodium chloride ( 1 in 100): no turbidity is produced.

Distinction from strong silver protein-Dissolve 1 Gm. of Mild Siver Protein in 10
n-d. of water. Add, all at once, 7 Gm. of ammonium aulfati~ and stir occasionally
for 30 minutes. Filter through quantitative filter paper mto a M-ml. Nessler
tube, returning the first portions of the filtrate to the filter, if necessary, to secure
a clear filtrafx+ and allow the filter and precipitate to drain. Add to the clear
filtrate 25 ml. of a solution of acacia (1 in 100). In a second 50-rnl. Nessler tube
dissolve 7 Gm. of ammonium sulfate in 10 ml. of water, and add ta this solution
25 ml. of the solution of acacia and 1.6 ml. of 0.01N silvernitrate.Toeachtube
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agent on the conjunctival has not been scientifically
evaluated as part of the preoperative chemical preparation
of the eye. We studied the effectiveness of a mild silver
protein solution on the conjunctival flora of 32 patients
in a masked fashion. By bacteriologic analysis, the mild

silver protein solution was found to be no more effective
in reducing the number of species and colonies in the
treated eye than in the untreated eye. While the mild
silver protein solution does stain mucus and other debris
on the eye to facilitate irrigation, this study did not
demonstrate a significant bactericidal effect.
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protein (Argyrol) on the conjunctival. Most of the
preparation is performed by the physician rather than the
nurse. Review of the advantages and pitfalls of the agents
reported should cause the ophthalmologist to reconsider
these agents for their effectiveness, spectrum, and
duration of action.
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Chemical Preparation of the Eye in Ophthalmic Surgery

II. Effectiveness of Mild Silver Protein Solution

SherwinIaenberg,MD,LeonardAPLMD,It&rt Yoahimuri,PhD

● Although a mild silver protein 6iolu-

tlon (Argyrol) has been used for e number

of years and is still used by many ophthal-

mic surgeons, Its efficiency as an antibac-

terial agent on the conjunctival has not

been scientifically evaluated as part of

the preoperative chemical preparation of

the eye. We studied the effectiveness of a

mild silver protein solution on the con-

~unctival flora of 32 patients In a masked

fashion. By bacteriologic analyals, the

mild silver protein solution was found to
be no more effective fn reducing the
number of species and cotordes In the
treated eye than in the untreated eye.
While the mild silver protein solution does
stain mucus and other debris on the eye
to facilitate Irrlgatfon, this study did not
demonstrate a significant bactericidal
effect.

(Arch Ophthalmol 1983; 101:764-765)

T~erapeutic properties of silver and
Its salts were recognized as early

as the Roman Empire period. Jabir
ibn Hayyan Geber, an Arabian physi-
cian of the eighth century, initiated
the use of silver nitrate on the eye.’
Carl Siegmund Franz Creole began the
prophylactic application of silver
nitrate on the eyes of newborn infants
to prevent gonococcal conjunctivitis in
1884. After that, silver nitrate was
used for other ophthalmic disorders,
but it was found occasionally to cause
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90024 (Dr Isenherg).
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necrosis of conjunctival epithelial
cells and a gray-black color when light
reduced the salt to ita metallic state.
In addition, irritation, scarring of the
conjunctival, corneal opacilicatiou
and symblepharon occurred. In an
attempt to reduce these problem%
Albert C. Barnea, MD, and Hermann
Hille, in 1902, developed a combina-
tion of silver nitrate and grain protein
(Argyrol).’ However, this drug also
caused ~mplications. In 1980, Spen-
cer et al’ reported the clinical and
histqathologic findings in one pa-
tient who drank this mild silver pro-
tein solution for years and in a second
patient who applied mild silver pro-
tein drops to one eye for a long-term
period.

A 20% mildsilver protein solution
is available for topical ocular use in
the United States as a silver nitrate
and gelatin colloid. The drug is avail-
able also abroad under a variety of
proprietary names and formulations.
It is classified in pharmacy textbooks
as a local anti-infective agent.

The antimicrobial properties of this
mild silver protein solution have been
questioned for years.” To our knowl-
edge, there has been no controlled
clinical study proving the antibiotic
eflicacy of this mild silver protein
solution as part of the chemical prep-
aration of the eye before surgery. Yet
in a recent international survey of
ophthalmologists, Apt and Iaenbq$
found that 22% of the respondents use
this mild silver protein solution on the
conjunctival as part of the preopera-
tive chemical preparation of the eye.
We, therefore, conducted a masked
study to investigate the effectiveness
of this mild silver protein solution as

an antimicrobial agent in the preoper-
ative preparation.

PATIENTS AND METHODS

Thirty-two patienta undergoingophthal-
mic surgery were studied. No patient had
received preoperative antibiotic therapy or
had an active infection at the time of
surgery.
Allsubjects had the identical regimen of

preoperative preparation. Initially, a ster-
ile anaerobic transport swab was applied
to either the inferonaaal or inferotemporal
conjunctival fomix of one eye and a second
swab was applied to the conjunctival of the
same quadrant in the second eye. Twenty
microlitertr (1 drop) of 20% mild silver
protein solution then was instilled in the
inferior conjunctival fornix of one random-
ly selected eye. This eye may have been the
eye that was operated on when unilateral
ocular surgery was performed. Hexachlo-
rophene soap was applied equally to both
eyelids, eyelid margins, cheeks, nose, eye-
brow, and forehead. The inferior fornix of
the eye into which the mild silver protein
solution had been instilled was then irri-
gated with a normal saline solution, while
the other eye had no irrigation. Gauze
sponges moistened in a saline solution
were used to rinse areas bearing hexachlo-
rophene. Next, the quadrant of each inferi-
or conjunctival fornix not previously cul-
tured was cultured with a third and fourth
sterile anaerobic transport swab. The
choice of which portion of the fornix was
cultured before and after the preparation
was randomly assigned. Nursing personnel
coded each specimen before bacteriologic
analysis. The microbiologist had no knowl-
edge of the exact origin of the specimen.

Tbe swab was washed three times in 0..5
mL of Schaedler’s broth and wrung out by
pressing it along the sides of the tube. The
swab was cultured in 10 mL of Schaedler’s
broth. Blood and chocolate agar each were
inoculated With 0.1 mL of elumt and
spread on the surface of the agar with a

Silver Protein —laenberg et al



L Table 1.—Mean Number of C&nies and Species of Bacteria

Isolated per Subject- ‘—=

Mean * SD

Before Afler % of
Eye Preparation Preparation Increaae

Colonies Untreated 1~ ~ 425 294 * 571 55
Mild siiver protein-treated 231 t 6S7 323 ? 750 40

Species Untreated 1.09 * 0.s3 1.41 ~ 0.86 33
Mild silver protein-treated 1.0s ? 0.75 1.31 t 0.77 24

I Table 2.—Number of Eyes in Which Culture Waa Sterile
I

1-

No. of Eyes That Were Starlla

❑efora After No. of Eyes

Type of Eye Preparation Preparation Thai Remained Sterile

Untreated 8 4 2 I

I Midsilver protein-treated 7 5 1 I

glass rod. The blood agar plates were incu-
bated for seven days at 35 “C in an
anaerobic jar with a gas mixture of 80%
nitrogen, 10% carbon dioxide, and 10%
hydrogen. The chocolate agar plates were
incubated in 5% ta 10% carbon dioxide at
35 ‘C. After incubation, the colonies were
differentiated and enumerated by stan-
dard bacteriologic procedures.

_—m RESULTS
-—

‘able 1 gives the mean number of
..,onies and species per subject iso-
lated from untreated and experimen-
tal eyes before and after instillation
of this mild silver protein solution.
Although the number of colonies and
species were greater after the prepa-
ration than before in both mild silver
protein solution-treated and un-
treated eyes, in no case was the
increase of actual numbers significant
at the 5% level by Student’s t test. The
difference in the amount of increase
of actual number in the untreated eye
as opposed to the mild silver protein
solution-treated eye also was not
found to be significant at the 5%
level.

The pattern of sterile cultures
before and after chemical preparation
of the eye is given in Table 2. Of all the
eyes in this study, only three of the 15
that were sterile before preparation
remained sterile after preparation.

The organisms cultured were diph-
theroids, Staph @ccwctfs epiakrmidis,
Propion0acteriu7n acnes, Candida
albkan+ and Kleb.siella SP.

COMMENT

--–-This mild silver protein solution
ginally was intended to be an anti-

microbial agent. The colloidal suspen-
sion liberates silver ions that alter the
protein in the bacterial cell wall. It

.~;@fr Ophthelmd-Vd 101, May l=”

also has beeri suggested that silver
interferes with essential metabolic
activity of bacteria.’ The silver in this
mild silver protein solution ionizes
poorly, and thus causes less irritation
than silver nitrate. However, its ger-
micidal effectiveness is also de-
creased. Pharmacologists have writ-
ten that “colloidalsilver preparations
are now in a deserved oblivion.”’
Duke-Elder expressed the opinion
that this mild silver protein solution
has ‘little bactericidal action since
fewfree ions are liberated.’”Havener
noted that “Argyrol is one of the
poorest germicides.”5None of these
authors cited a controlled study on
humans to support their assertions.
Despite these negative opinions,
almost a quarter of the Z4 ophthal-
mologistssurveyed in a large interna-
tional study (with a 96%-response
rate) continue to use this mild silver
protein solution in the preoperative
chemical preparation of the eye! This
investigation, using detailed bacteriol-
ogic analysis, was unable to verify
that the application ofthis mild silver
protein solution on the eye in vivo was
significantly better than an untreated
eye in reducing the number of micro-
organisms on the conjunctival.

Another property of this mild silver
protein solution contributes to its
popularity. This mild silver protein
solution has the capability of darkly
staining mucus or debris present on
the conjunctival, eyelids, or skin. It
therefore serves as a marker for the
adequacy of the preoperative surgical
preparation of the eye. The surgeon
may then irrigate any remaining
mucus and debris from the eye.
Indeed, in the international survey by
Apt and Iaenberg: many ,mspondenta

,,,<..,.
; i. . ,. ;-L

!-- ;.’:.. ,, ,”.
i.

.,. .

commentd that they used it mainly
to distinguish mucus and debris in the
preparation. However, this positive
aspect of the tested mild silver protein
solution must be weighed against our
recent finding that irrigation itself
increases the bacterial flora of the
conjunctival (see p 761).

In the design of this study, it was
decided to irrigate the conjunctival of
the eye receiving the mild silver pro-
tein solution as is commonly prac-
ticed. The control eye received no irri-
gation in light of our aforementioned
findings, Thus, any increased degree
of antisepsis obtained by the mild
silver protein solution may be offset
by the increase in bacterial flora
engendered by irrigation.

A frequently cited study of the
effectiveness of the tested mild silver
protein solution and other agents is
that of Thompson et al* published in
1937. Of the ten bactericidal agents
they studied, our tested miid silver
protein solution (Argyrol) had the
second highest percentage of surviv-
ing organisms after one and ten
minutes of exposure. Although the
investigation by Thompson et al was
performed on the tmnjunctiva of rab-
bits., doubta abut the effectiveness of
our teefed mild silver protein eolutioit
shouldhavebeen raised at that time.
Onthe humanconjunctiv~ our study
did not finda significantbactericidal
effectof this mild silver protein eolu-
tion when investigated in a masked
fashion.
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SUMMARY

We surveyed 214 ophthalmologists worldwlde to learn their methods of preoperative

chemical preparation of eye and skin. A 96 8°& return rate was achieved. While a wide

diversity of agents was reported, povtdone-iodine was the most popular agent applied to

the skin. Theconjunctwa usual lywaseither ignored orrinsed wlthasaline solution by the

respondents. Almost a quarter used mild silver prot @(Argyrol) on theconjunctiva Most

of the preparation is performed by the physician rather than the nurse. Review of the

advantages and p!tfalls of the agents reported should cause the ophthalmologist to

reconsider these agents for their effectiveness, spectrum, and duration of action.

Since the studies of Carl Eberth In 1875, surgeons

have known that bacteria are found in hair follicles,

sweat glands, and in both the superficial and deeper layers

of the skin.’ Joseph Lister’s carbolic acid in spray form, or

soaked ingauzeand laid on the skin, wasthefirst attempt at

preoperative antisepsis. Subsequently, other techniques

for achteving preoperative aseps!s of the operative f{eld

have evolved

Today, in the course of training In ophthalmic surgery, or

when v!sltlng different Instltutlons, oneoften sees different

techniques tn preoperative chemtcal preparation of the eye.

The main reasons given for using a certain regtmen are

tradition and the impression of effectiveness A scientific

rationale rarely IS mentioned. To learn the preferences of

many ophthalmologists throughout the world, and to

determine whether a consensus on a specific regimen

exists, we undertooka survey .Thislnformatlo nis not found

in the ophthalmic literature. The survey was not tntended to

answer questions definitively about the best method and

choice of agents.

MATERIALS AND METHODS

Questlonnalres were mailed to 221 ophthalmologists of

which 214 were answered and returned This return ratels

From [he Department of Ophthalmology. Jules SIeln Eye

Insritufe, UCLA School of Med!c/ne, Los Angeles, Califorma

Requests for reprints should be addressed to Leonard API. M D.
Jules stem Eye Inst/tute. UCLA School of Medicine. Los Angeles.

Cal! fornta 90024

96 80A. In order to obtain a representative sample, abOL

half of the questionnaires were sent to well-know

ophthalmic surgeons at academic institutions and half t

prominent private practitioners of ophthalmology. Te

percent of the questionnaires were answered by widel

known ophthalmic surgeons from such fore!gn countries a

Mexico, Belglum, Japan, Argentina, Canada, German,

Great Britain, and Switzerland

The first series of questions asked concerned th

sequence of solutions applied to the skin, the duration c

application, and the area of the face receiving Ih

application. The second series of questions dealt WI I

solutions intentionally placed on the conjunctival, duratlo

of application, and what was used asthe rinsing agent Th

third question asked what proportion of the prepararlo

was done by a physician, nurse, or other nonphysiclar

Finally, additional comments were requested

RESULTS

There was considerable disparity in the types ar

sequence of agents placed on the skin (Table 1 ), Howeve

675°6 of the respondents used povldone-iodine produc”

(as Betadine, Isodine, Prepodyne, Septodyne) somewher

In the preparation, while hexachloroph ene(p Hiso Hex) w:

used by 165°6, and aqueous Iodine solution was used t

126°4 somewhere in the preparation The most frequef

regimen of all, used by a third of the respondents, w:

powdone-iodine solutlon on the skin followed by a rinse [

alcohol. The term “rinse” includes saline, sterile wate

lactated Ringer solutlon, balanced salt solution, or slmil<

product (Figure 1 ). Half of the respondents used a sing

1026 OECEMBER 1982, VOL 13, NO
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TABLE 1

ROUTINE OF CHEMICAL AGENTS

USED FOR SKIN PREPARATION
(n=1961

Multiple Agents P

Powdone-lodlnesoap -rtnse” -

Povldone.lcdlne soiutlon: alcohol

Soap - rinse - Powdone-lodlne solutlon

- rinse or alcohol—

Hexachlorophene = alcohol or rinse

- Powdone. {od!ne = alcohol or rinse

Soap = rinse = alcohol = rinse

Soap z rinse z Iod, ne = alcohol

Hexachlorophene - rjnse - iodine = alcohol

Hexachlorophene - r!nse - merthlolate

Povldone-lodlne - rinse – Iod{ne

Alcohol - Powdone rod!ne

Single Agerns - Rinse or .Alcohol

Povldone-lodlne

lodine 1%

Hexachlorophene

——’~phiran

.Iorhexidene 1’%

Merfen

Merthtolate

Aicohol

Don’t know

rcent

50

73

73

4.0

39

24

1.5

10

10

325

4,8

43

29

24

10

1,0

10

10

“R]nse = saline solurion, sferile water, lactated Ringer

solul!on. balanced sah solut!on, or similar Droducl

TABLE 2

CHEMICAL AGENTS INTENTIONALLY PLACED

ON THE CONJUNCTIVAL
fn=206}

Chemical Agent

Normal Sallne

Nothing

Argyrol = rinse

Balanced salt solution

Betad!ne solu!lon (diluted)

Neospor!n = rinse

Ringer solut!on

Cnlorhexid, ne

Sler/le water

Chloramphen,col

Mercury bichloride
&alamyc, n

“I Gentamyctn mtx

~.., tknow

Percent

345

267

223

53

24

20
15

10
10
10
10
05
05
05

8 deferred or d)d no! answer

)PHTHALMIC SURGERY

“’%+

“+%
FIGLIRE 7, (Apt and Isenberg) Percentage of respondents using a

particular chemical agenr on the skin as parx of the preoperative

preparation,

1

“9,

-, -,,--,,. . . - -. -.,. ,--
tlbutft L IAPI ana Iserroerg) F’ercentage of responder,r> ua,r,Y ~

parlicu/ar chem)cat agent on the COnJUnC~lVa as par! of the

preoperaftve preparaflon

primary agent (such as aqueous iodine, hexachlorophene,

or a povldone.iodine product) followed by a rinse or alcohol,

while half used a combination of primary agents (Table 1 )

The amount of ttrne that these agents were applledtothe

skin varied from one second to several minutes So much

variation in the length of time was reported as to make

1027
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‘/o PHYSICIAN O 50 100
‘/e NURSE 100 50 0

‘IGURE 3. (Apt and isenberg). Relative proporfton ofphysicjans compared WIIh rrursesperformjng preoperative preparation of !he eye.

TABLE 3

HOW MUCH IS DONE BY PHYSICIAN

RELATIVE TO NURSE

(n=205)

PhysicIan,’Nurse Percent

100%/ o 620

98°6/ 2“6 05

90°6 10°6 05
8006.’ 20°6 10

75°6 25”6 10

50% 50°6 29

25%.Z 75W0 15

20”6( 80”6 05

15°6/85°6 05

10°6/90°6 44

0 100”6 294
Not known 05

3 deferred or d!d nor answer

conclusions dlfflcult. The factal areas treated were almost

universally the forehead, both eyelids, the cheeks, and the

nose

Some ophthalmic surgeons Intentionally place solutlons

on the conjunctlva while others do not (Table 2) About a

quarter of the respondents place nothing on the conjunc-

tival. Forty-two percent simply rinse the conjunctival with

sallne solutlon, balanced salt solution, Ringer solution, or

sterile water only 31% use a solution besrlng any

antimicrobial properties. Of the latter, mild silver protein

(Argyrol) IS by far the most frequently used (Figure 2).

In general, more physicians than nurses perform the

1028

preoperative preparation Sixty-two percent of the respon -

dents indicated that the physician does the entire prepara-

tion, whtle 29’% reported that the nurse does the enttre

preparation. The rest of the respondents answered that the

physician and nurse each do part of the preparation (Table 3

and Figure 3).

COMMENT

The validity of this survey was enhanced bv the broad

spectrum of ophthalmologists contacted. includlng sub-

spectalists and general ophthalmologists, academ(clans

and nonacademtclans, Americans and foreigners and

younger and senior ophthalmologists The highly satisfac-

tory rate of returned questionnaires (96 8“6) also attests:0

the validity of this survey.

While all ophthalmologists use a form of chemical

preparation for the eye prior to surgery, there has been little

recent mentton or study of this subject In the ophthalmic

literature. A lack of interest in this subJect was exhlbltedb~

some ophthalmologists who replied that they did not know

what agents were used inpreparattonof theoperatlvefleld

To answer this survey, these sufgeons had to obtain the

information from others, usually the surgtcal nurse The

great disparity found in this study n the chemical agents

chosen also Indicates a lack of recent scientific interest 10

th!s topIc In 1951, Maumenee and Mlchler compared five

different techniques for ster]llzing the operative field tha!

were then popular.: These five techniques were soap and

saline, either alone or followed by merthlolate or aquecus

Iodine, and hexachlorophene and saline followed by either

benzalkonium chlorlde or aqueous Iodine and alcohol In

our survey, about 1104 of the respondents still used one of

these techniques. The advent of povidone-iodine, firs~

experimentally in the 1960s and then clinically in the early

DECEMBER 1982, VOL 13, NO 12
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J70s, changed the techniques of many ophthalmolo-

gists ‘-’ In fact, this survey showed that povidone-todine is

currently the single most popular agent for use in chemical

preparation of the skin prior to ophthalmic surgery in this

country.

Povldone (polyvinyl pyrrolidone) IS a polymer with sur -

factant properties that combines easily with iodine About

two thirds of the lodlne remains In the elemental state and

is slowly released for antibiotic activity Aqueous solutions

of rodlne can cause toxicity to the skin and corneal

eplthelium, and inflammatory changes In the conjunctwa.

But if Iodine is combined with povldone these problems are

less common and of lesser magnitude Povidone-!odlne has

been shown to be bactericidal and viru’tidal In dilute

soluttons within minutes in wtro ‘ Gwen the proper

concentration and enough contact time, it is effective even

aga!nst fung! and spores

There is more consensus among ophthalmologists In

regard to the immediate preoperative preparation of the

conjunctlva More than twothtrds of the respondents either

ignore the conlunctlva or merely irrigate It Irrigation

presumably would remove mucus or other debris, but

would not bear any significant antimicrobial action. Only

319. of the reports Indicated the use of an antimicrobial

agent on the conjunctival just prior to surgery. However,

some ophthalmologists may have used topical antibiotics

~the conjunctival in the days preceding surgery Whether

‘inter practice truly sterilizes the conjunctival, or permits

=ctive growth of resistant bacteria or regrowth of the

original bacteria If a bacteriostatic drug IS used, is

controversial ‘ Argyrol was the agent most commonly used

on the con}unctiva by those who used antimicrobial agents

at the time of surgery. Some individuals commented that

Argyrol was used because it stains the mucus and other

debris, which then can be speclftcally removed by irrigation,

and not necessarily because of its antimicrobial properties

In revtewing the different combinations of chemicals

used to sterillze the skin, some comments of practical

importance are indicated If a soap or scrub is used, either

as povldone-lodlne, another antimicrobial agent, or simple

soap, one should be careful to avoid inadvertent entry of

these chemicals onto the conjunctival Vascular dilation,

hyperemla, and possible corneal damage could result from

soap or detergent Instillation. Potentially this could lead to

more hemorrhage if the conlunctlva is incised. One could

place a vasoconstrlctor on the conjunctival before and after

the preparation to minimize this problem. Some vaso -

constrlctors such as phenylephrine will dilate the pupIl,

while others such as naphazollne will not

Hexachlorophene is bacterlostatlc and IS more effective

against gram -pos!t!ve than gram -negative bacteria It IS

Important to know that a stngle application of hexachloro -

phene, as used by some sur9eons, has Ilttle antlmlcroblal

ac[lvlty To be maximally effective, hexachlorophene should

b~plled at least dally beglnnlng five {o seven days prior to->— ___

surgery. The film of hexachlorophene then produced

enhances its antimicrobial effects. Alcohol should not be

used to remove the hexachlorophene. Care should be taken

to prevent hexachlorophene from entering the palpebral

fissure because it is injurious to the corneal epithelium. -

It has been noted that benzylkonium chloride is incom-

patible with iodine and therefore should not be placed in

direct contact with it, even on skin.’ In addttion, benzyl -

konium chloride is Inactivated by blood, other organic

mater[al, soap, and cotton material which oflen is usedin

its application. Ophthalmologists who use multiple agents

should reconsider their individual activity with regard to

effectiveness, spectrum, and duration of action to avoid

overlap.

Some doubt exists as to the efficacy of any preoperative

chemical preparation of the eye. Lincoff and coworkers

found in one study that an extensive preoperative ophthal-

mic preparation, including three preoperative soap scrubs,

powdone-iodine preparation, saline Iavage, and bathing

and Iavaging implants with chloramphenicol, did not

significantly alter their rate of infected scleral implants q In

a later study, Hahn, Lincoff, Lincoff, and Kreissig deter-

mined that the same organism found on routine lntra -

operative conjunctival culture was usually the Infecting

agent in infected scleral implants.’” They felt that the

source of infection was contamination at the site of the

buckle operation. Perhaps more emphasis should be placed

on sterilization of the conjunctival. Sterilization of the

conjunctival ultimately might decrease the incidence of

infectious endophthalmitis
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Chemical Preparation of the Eye in Ophthalmic Surgery

II. Effectiveness of Mild Silver Protein Solution

Sherwintaenberg,MDI.eonardAPLMDRobertYoshimuri,PhD

● Although a mild silver protein solu-

tion (Argyrol) haa been used for a number

of yeara and ia 6WI used by many ophtha~

mlc surgeons, its effklency as an antibac-

terial agent on the con]unctiva has not

been scientifically evaluated as part of
the preoperative chemical preparation of
the eye, We studied the effectiveness of a
mild allver protein solution on the cow
junctival flora of 32 patients In a masked
fashion. By bacteriologic analysis, the
mild silver protein solution was found to
be no more effective In reducing the
number of speci6s and colonies in the

treated eye than In the untreated ●ye.

While the mild allver protein soiution does

stain mucus and other debris on the eye

to facilitate irrigation, this study did not

demonstrate a significant bactericidal

effect.

(Arch Ophthalmol 1983; 101:764-765)

Therapeutic properties of silver and
its salts were recognized as early

as the Roman Empire period. Jabir
ibn Hayyan Geber, an Arabian physi-
cian of the eighth century, initiated
the use of silver nitrate on the eye.’
Carl Siegmund Franz Creole began the
prophylactic application of silver
nitrate on the eyes of newborn infants
to prevent gonococcal conjunctivitis in
M&L After that, silver nitrate was
used for other ophthalmic disorders,
but it was found occasionally to cause
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764 Arch Ophthalmot—Vol 101, May 1983

necrosis of conjunctival epithelial
cells and a gray-black color when light
reduced the salt to iti metallic state,
In addition, irritation, scarring of the
conjunctival, corneal opacificatiou
and symblepharon occurred. In an
attempt to reduce these problem%
Albert C. Barnes, MD, and Hermann
Hille, in 1902, developed a combina-
tion of silver nitrate and grain protein
(Ar~rol).’ However, this drug also
caused complication. In 19S0, Spen-
cer et al’ reported the clinical and
histopathologic findings in one pa-
tient who drank this mild silver pro-
tein solution for years and in a second
patient who applied mild silver pro-
tein drops to one eye for a long-term
period.

A 20% mild silver protein solution
is available for topical ocular use in
the United States as a silver nitrate
and gelatin colloid. The drug is avail-
able also abroad under a variety of
proprietary names and formulations.
It is classified in pharmacy textbooks
as a local anti-infective agent.

The antimicrobial properties of this
mild silver protein solution have been
questioned for years.” To our knowl-
edge, there has been no controlled
clinical study proving the antibiotic
efficacy of this mild silver protein
solution as part of the chemical prep-
aration of the eye before surgery. Yet,
in a recent international survey of
ophthalmologists, Apt and Isenber~
found that 22% of the re@ondents use
this mild silver protein solution on the
conjunctival as part of the preopera-
tive chemical preparation of the eye.
We, therefore, conducted a masked
study to investigate the effectiveness
of this mild silver protein solution as

an antimicrobialagent in the preoper-
ative preparation.

PATtENTS AND METHODS

Thirty-two patienta undergoing ophthal-
mic surgery were studied. No patient had
received preoperative antibiotic therapy or
had an active infection at the time of
surgery.
Allsubjects had the identical regimenof

preoperative preparation. initially, a ster-
ile anaerobic transport swab was applied
to eitherthe inferonaaal or inferotemporal
conjunctival fornixof one eye and a second
swab was applied f.a the conjunctive of the
same quadrant in the second eye. Twenty
microliks (1 drop) of 20% mild silver
protein solution then was instilled in the
inferior conjunctival fornix of one random-
ly selected eye. This eye may have been the
eye that was operated on when unilateral
ocular surgery was performed. Hexachlo-
rophene soap wss appIied equally to both
eyelids, eyelid margins, cheeks, nose, eye-
brow, and forehead. The inferior fornix of
the eye into which the mild silver protein
solution had been instilled was then irri-
gated with a normal saline solution, while
the other eye had no irrigation. Gauze
sponges moistened in a saline solution
were used to rinse areas bearing hexachlo-
rophene. Next, the quadrant of each inferi-
or conjunctival fornix not previously cul-
tured was cultured with a third and fourth
sterile anaerobic transport swab. The
choice of which portion of the fornix was
cultured before and after the preparation
was randomly assigned. Nursing personnel
coded each specimen b+fore bacteriologic
analysis. The microbiologist had no knowl-
edge of the exact origin of the specimen.

The swab was washed three times in 0.5
mL of Schaedler’s broth and wrung out by
pressing it along the sides of the tube. The
swab was cultured in 10 mL of Schaedler’s
broth. Blood and chocolate agar each were
inoculated with 0.1 mL of eluant and
spread on the surface of the agar with a

Silver Protein —lsenberg et al



I Table 1.—Mean Num& of Colonies and Species of Sacteria

Isolated per Subiecf I
Before After % of

Eye preparation Preparation hrcresse

Colonies Untraated 1S3 ? 425 2s4 ? 571 55

Mild silver protein-treated 231 k 6S7 323 ? 750 40

Species Untreated 1.0s t 0.s3 1,41 f O.ae 33

Mild silver proteimtreatad 1.0s t 0,75 1.31 ? 0.77 24

Table 2 .—Number of Eyes in Which Culture Was Sterile

No. ot Eye. Vhat Wero SWtlo

Belore After No. of Eyes
Type of Eye Preparation Preparation That Remalnad Sterile

Untreated 8 4 2

Mild silver Wotein-trealed ? 5 1

glass rod. Theblood agar plates were incu-
bated for seven days at S5 “C in an
anaerobic jar with a gas mixture of SO%
nitrogen, 10% carbon dioxide, and 10%
hydrogen. The chocolate agar plates were
incubated in 5% to 10% carbon dioxide at
35 “C. After incubation, the colonieswere
differentiated and enumerated by stan-
dard bacteriologic procedures.

RESULTS

--–- able 1 gives the mean number of
mies and species per subject iso-

lated from untreated and experimen-
tal eyes before and after instillation
of this mild silver protein solution.
Although the number of colonies and
species were greater after the prepa-
ration than before in both mild siIver
protein solution-treated and un-
treated eyes, in no case was the
increase of actual numbers significant
at the 5% level by Student’s t test. The
difference in the amount of increase
of actual number in the untreated eye
as opposed to the mild silver protein
solution-treated eye also was not
found to be significant at the 5%
level.

The pattern of sterile cultures
before and after chemical preparation
of the eye is given in Table 2. Of all the
eyes in this study, only three of the 15
that were sterilebeforepreparation
remainedsterileafterpreparation.
Theorganismsculturedwerediph-

theroids,Staph @coccus epidermidis,
PrOpiOnibacterium acnea, Candi&t
a.lbicans, and Klebsied.u SP,

COMMENT

.—-;his mild silver protein solution_-

ginally was intended to be an anti-
microbial agent. The colloidal suspen-
sion liberates silver ions that alter the
protein in the bacterial cell wall. It

~Asch Ophthelmd-Vd 101, May 1%

also has beeri suggested that silver
interferes with essential metabolic
activity of bacteria.’ The silver in this
mild silver protein solution ionizes
poorly, and thus causea less irritation
than silver nitrate. However, its ger-
micidal effectiveneaa is also de-
creased. Pharmacologists have writ-
ten that “colloidal silver preparations
are now in a deserved oblivion.”’
Duke-Elder expressed the opinion
that this mild silver protein solution
has ‘little bactericidal action since
few free ions are liberated.’” Havener
noted that 4’Argyrol is one of the
poorest germicides.”s None of these
authora cited a controlled study on
humans to support their assertions.
Despite these negative opinions,
almost a quarter of the 214 ophthal-
mologists surveyed in a large interna-
tional study (with a 96%-response
rate) continue to use this mild silver
protein solution in the preoperative
chemical preparation of the eye! This
investigation, using detailed bacterio-
logic analysis, was unabIe b verify
that the application of this mild silver
protein solution on the eye in vivo was
significantly better than an untreated
eye in reducing the number of micro-
organisms on the conjunctival.

Another property of this mild silver
protein solution contributes to its
popularity. This mild silver protein
solution has the capability of darkly
staining mucus or debris present on
the conjunctival, eyelids, or skin. It
therefore serves as a marker for the
adequacy of the preoperative surgical
preparation of the eye. The surgeon
may then irrigate any remaining
mucus and debris from the eye.
Indeed, in the international survey by
Apt and Isenberg: many respondents

,.
,–

commented that they used it mainly
to distinguish mucus and debris in the
preparation. However, this positive
aspect of the tested mild silver protein
solution must be weighed against our
recent tinding that irrigation itself
increases the bact.srial flora of the
conjunctival (see p 761).

In the design of this study, it was
decided to irrigate. the conjunctival of
the eye receiving the mild silver pro-
tein solution as is commonly prac-
ticed. The control eye received no irri-
gation in light of our aforementioned
findings. Thus, any increased degree
of antisepsis obtained by the mild
silver protein solution may be offset
by the increase in bacterial flora
engendered by irrigation.

A frequently cited study of the
effectiveness of the tested mild silver
protein solution and other agents is
that of Thompson et al’ published in
193’7. Of the ten bactericidal agents
they studied, our tested mild silver
protein solution (Argyrol) had the
second highest percentage of surviv-
ing organisms after one and ten
minutes of exposure. Although the
investigation by Thompson et aI was
performed on the conjunctival of rab-
bi% doybta about the ,efkctivenese of
our teated rrdd silver protein solution
should have been raised at that time.
On the human conjunctiv~ our study
did not find a significant bactericidal
effectof this mild silver protein solu-
tion when investigated in a masked
fashion.
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SUMMARY

We surveyed 214 ophthalmologists worldwide to learn their methods of preoperatwe

chem}cal preparation of eye and sktn. A 968°6 return rate was achieved. While a wide

diversity of agents was reported, povldone-iodine was the most popular agent applied to

the skin. TheconJunctiva usual lywaseither ignored orrinsed w!thasaline solution by the

respondents. Almost a quarter used mild silver pro @( Argyrol) on theconjunctiva Most

of the preparation IS performed by the physician rather than the nurse. Review of the

advantages and p!tfalls of the agents reported should cause the ophthalmologist to

reconsider these agents for their effectiveness, spectrum, and duratton of action.

sInce the studies of Carl Eberth In 1875, surgeons

have known that bacteria are found In hair folllcles,

sweat glands, and In both the superficial and deeper layers

of the sk!n. i Joseph Lisler’s carbolic acid In spray form, or

soaked in gauze and Iaidon the skin, wasthe first attempt at

preoperative antrsepsls. Subsequently, other Iechntques

for achlevlng preoperative asepsls of the operative fteld

have evolved

Today, In the course of tralntng In ophthalmic surgery, or

when vtsltlng different Instltutlon s,oneofte nseesdlfferent

techniques !n preoperative chemical preparation of the eye

The main reasons given for using a certain regimen are

tradit!on and the Impress Ion of effectiveness A sclentlflc

rationale rarely IS mentioned To learn the preferences of

many ophthalmologists throughout rhe world, and to

determine whether a consensus on a spectflc regtmen

exists, we undertook a survey This Information IS not found

In the ophthalmic I!terature The survey was not Intended to

answer questions deflnlttvely about the best method and

choice of agents

MATERIALS AND METHODS

C)uesllonnalres were malted to 221 ophthalmologists of

which 214 were answered and returned This return rate IS

From the Department of Ophthalmology. Jules Sleln Eye

/nsr/fure. uCLA School of Med(c/ne, Los Angeles, Cal/fern/a

Requests for repr{nrs should be addressed to Leonard Apt M D

Jules Stem Eye Instlture UCLA SchooJ of Medlclne. Los Angeles,

Cal/ fornfa 90024

96 8°k. In order to obtain a representative sample, abet

half of the questionnaires were sent to well-know

ophthalmic surgeons at academic institutions and half :

prominent private practitioners of ophthalmology. Te

percent of the questionnaires were answered by w!de

known ophthalmic surgeons from such foreign count riesa

Mexico, Belgium, Japan, Argentina, Canada, Germa~

Great Britain, and Switzerland

The first series of questions asked concerned ::

sequence of solutions applied to the sktn, the duration

appllcatlon, and the area of the face recelvlng [P

application The second series of questions dealt WI

solutions intent~onally placed on the conjunctlva, duratlc

of application, and what was used as the rinsing agent T’

third question asked what proportion of the preparatl

was done by a physlclan, nurse, or other nonphyslcla

Finally, additional comments were requested

RESULTS

There was considerable dlsparily In the types ar

sequence of agents placed on the skin (Table 1 ) Howew

67 5% of the respondents used povldone-lodlne produc

(as Betadine, Isodlne, Prepodyne. Septodyne) somewhe

[n the preparation, while hexachlorophene (p Hiso Hex) w

used by 16 5°’0, and aqueous lod!ne solution was used

12 6°6 somewhere In the preparation. The most freque

regtmen of all, used by a third of the respondents, w

povtdnne-lodlne solution on the skin followed by a rinse

alcohol The term ‘“rinse” Includes sallne, stertle watt

lactated Ringer

product (Figure

solution, balanced salt solutlon, or slmll

1 ). Half of the respondents used a sing

DECEMBER 1982, VOL. 13, NO1026
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TABLE 1

ROUTINE OF CHEMICAL AGENTS

USED FOR SKIN PREPARATION

(n=196)

Multlpie Agenfs
Percent

powdone.lodrnesoap –rinse+ -

Povldone-lodlne solutlon : alcohol

Soap - rtinse - Powdone-todlne solution

- rinse or alcohol—

Hexachlorophene : alcohol or rtnse

- Povldone. todlne G alcohol or rinse

Soap z rinse : alcohol z rinse

Soap z rinse : Iodine : alcohol

Hexachlorophene - rinse - Iodine = al~ohol

Hexachlorophene - rtnse - merthlola~e

powdone-lodlne - r(nse – Iodine

Alcohol - povldone.lodlne

.5ngle Agents - Rtnse or Alcohol

povrdone-iodine

lodine 1‘%

Hexachlorophene

.Zephlran
—:..—

lorhexldene 1’%

,.ler fen

Mer!hlolate

Alcohol

Don’t know

150

73

73

40

39

24

15

10

10

325

48

43

29

24

10

10

10

10
“Rinse = sahne solulton, ster!le water. Iacrafed R/nger

Sotuf!on, balanced salt solur)on. or sim[lar product

TABLE 2

CHEMICAL AGENTS INTENTIONALLY PLACEO

ON THE CONJUNCTIVAL

(n=206i

Chemical Agen;

Normal Saline

No!hlng

Argyrol ~ rinse

8alanced sait ;oiutjon
Be[adfne solutIoP [dllufed)

Neospor!n z r!nse

Ringer solu~lon

Cnlorhexldlne

Percenl

345

267

223

53

24

20
15

In
S[er(le wafer

.-

10
Chloramphenlcol 10
Mercury bichloride 10

05
C5

know 05—.. —
8 de ferre~ or d)d nor answer

I

I

r 1

0+%I
I

JFIGURE f, (API and Isenberg] Percentage of respondents using a

particular chemical agent on the sk!rr as part of the preoperative

preparation.

-<
I

FIGURE .? (API and fsenbergl Percentage of respondents us]ng a

Parr/cu/W chemwal agenr on rhe conjuncr{va as Oarr Of the
preope,arive preparation

primary agen[ (such as aqueous Iodtne, hexachlorophene,

or a povldone-lodlne product) followed byarlnse or alcohol,

while half used a combination of primary agents (Table 1 )

The amount of time that these agents were applted!othe

skin varied from one second to several minutes So much
varlat(on (n the length of time was reporled as 10 make

I
I
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CHEMICAL PREP OF EYE

.-.. (

I

#-%.

I
I 1

‘/’( NURSE 100 50 0

FIGURE 3 (Apt and Isenberg) Relative proportion of physicians compared wlfh nurses per formjngpreopera five preparation of the eve

TABLE 3

HOW MUCH IS DONE BY PHYSICIAN

RELATIVE TO NURSE

(n=205)

Physlc!an ‘Nurse Percent

100%/ o
98% 2%

90% 10°6
80%,’ 20”6

75°h 25’%

50”’0. 50°6
25Q0. 75%
20°10 80°6

15°h 85°6
10°6’ 90°6

0 100%

NOI known

620
05

05
10

10

29

15

05

05

44

294

05

9 deferred or d!d no( answe!

ncluslons dlfflcult The facial areas treated were almost

universally the forehead, both eyelids, the cheeks, and [he

nose

Some ophthalmic surgeons Intentionally place solutions

on the conjunc[lva while others do not (Table 2) About a

quarter of the respondents place nothln; on the conjunc -

tlva Forty-two percent simply rinse the conjunctlva with

sallne solutlon, balanced salt solutlon, Ringer solution, or

sterile water Only 31°’0 use a solution bearing any

antlmlcroblal properties Of the latter, mild silver protein

(Argyrol) IS by far the most frequently used (Figure 2)
In general, more physicians than nurses perform the
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preoperative preparation. Slxtytwo percent of the respon-

dents Indicated that the phvslctan does the entire prepara-

tion, while 29% reported that the nurse does the enttre

preparation. The rest of the respondents answered that the

physician and nurse each do part of the preparation (Table 2

and Figure 3).

COMMENT

The validity of this survey was enhanced by the broad

spectrum of ophthalmologists contacted, Includlng sub-

speclalists and general ophthalmologists, academicians

and nonacademlclans, Amertcans and foreigners, anc

younger and senior ophthalmologists The highly salsfac

tory rate of returned questionnaires (96 8°6) also attests [c

the valldlty of this survey.

While all ophthalmologists use a form of chemlca

preparation for the eye prior to surgery, there has been llttl~

recent mention or study of this sub)ect In the ophthalmff

literature A lack of interest In this subject was exhlblted b,

some ophthalmologists who replled (ha! theydld not knov.

what agents were used Inpreparatlonof theoperatlveflela

To answer this survey, these surgeons had [o obtain the

information from others, usually the surgical nurse The

great dlspartty found in this study in the chemical agent:

chosen also Indicates a lack of recent sclentlftc Interest Ir

this top(c In 1951, Maumenee and Mlchler compared fiv~

different techniques for sterlllzlng the opera’ ( ~ld ~ha

were then popular : These five Iechnlques were soap anc

saline, either alone or followed by merth(olate or aqueou:

Iod!ne, and hexachlorophene and sallne followed by ellhe

benzalkontum chlorlde or aqueous iodine and alcohol Ir

our survey, about 1 1°6 of the respondents still used one o

these techniques. The advent of pov!done-lodlne, firs

experimentally In the 1960s and then clinically In the earl’

DECEMBER 1982, VOL 13, NO 1
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70s, changed the techniques of many ophthalmolo-

~lsts ‘-’ In fact, thts survey showed that povidone-iodine ts

currently the single most popular agent for use in chemical

preparation of the skin prior to ophthalmic surgery in this

country

Povidone (polyvinylpyrrolldone) is a polymer w{th sur-

factant properties that combines easily wtth todlne. About

two thirds of the Iodine remains in the elemental state and

IS slowly released for antibiotic actiwty Aqueous solutlons

of iodine can cause toxicity to the sk{n and corneal

eplthellum, and Inflammatory changes In the conjunctival.

But If Iodine ts combtned with powdone these problems are

less common and of lesser magnttude Povldone-lodlne has

been shown to be bacterlctdal and wru’tidal In dilute

solutions wlthln minutes In vttro ‘ Given the proper

concentration and enough contact time, it is effective even

against fungi and spores

There is more consensus among ophthalmologists In

regard to the immediate preoperative preparation of the

conlunctlva More than twothlrdsof the respondents either

ignore the conjunctwa or merely Irrigate it Irrlgatlon

presumably would remove mucus or other debris, but

would not bear any significant antimicrobial action, Only

31% of the reports Indicated the use of an antimicrobial

agent on the con]unctiva just prtor to surgery However,

some ophthalmologists may have used topical antibiotics

on-the conjunctival in the days preceding surgery Whether

-’atter practice truly sterilizes the conjunctival, or permits

;tive growth of res}stant bacteria or regrowth of the

original bacteria If a bacterlostatic drug IS used, IS

controversial.’ Argyrol was the agent most commonly used

on the conjunct!va by those who used antim!croblal agents

at the time of surgery Some individuals commented that

Argyrol was used because it stains the mucus and other

de brts, which then can be specifically removed bylrrlgatlon,

and not necessarily because of its antimicrobial properties

In reviewtng the different combinations of chemicals

used to sterilize the skin, some comments of practical

importance are Indicated If a soap or scrub IS used, either

as powdone-lodlne, another anttmlcrobial agent, or simple

soap, one should be careful to avoid Inadvertent entry of

these chemicals onto the conjunctlva Vascular dllatlon,

hyperemta, and posstble corneal damage could result from

soap or detergent !nstillatlon Potentially this could lead to

more hemorrhage If the con]unctlva IS incised One could

place a vasoconstrlctor on the conlunctlva before and after

the preparation to mlnlmlze this problem Some vaso -

constrlctors such as phenylephrine WIII d!late the pupIl,

while otherssuchas naphazollne will not

Hexachlorophene IS bactertoslatic and IS more effective
against gram-positive than gram -negative bac[er[a It IS

Important to know that a single appltcalton of hexachloro -

phene, as used by some sur9eons has llt~le antlmlcroblal

actlvliy To bemaxlmall veffecttve, hexachloroph ene should

be applledat least dallvbeglnnlng f(vetoseve ndaysprlorto
*-,

APT & ISENBERG

surgery The film of hexachlorophene then produced

enhances its antimicrobial effects. Alcohol should not be

used to remove the hexachlorophene. Care should be taken

to prevent hexachlorophene from entering the palpebral

fissure because It is injurious to the corneal eptthelium. ”

It has been noted that benzylkonium chloride IS incom-

patible with iodine and therefore should not be placed In

dtrect contact with it, even on skin.’ In addition, benzyl -

konium chloride is inactivated by blood, other organic

material, soap, and cotton material which often is used In

its application Ophthalmologists who use multiple agents

should reconsider their Individual activity with regard to

effectiveness, spectrum, and duration of action to avoid

overlap

Some doubt exists as to the efficacy of any preoperative

chemical preparation of the eye. Lincoff and coworkers

found in one study that an extensive preoperative ophthal-

mic preparation, Including three preoperative soap scrubs,

powdone-iodine preparation, saline Iavage, and bathing

and Iavaglng implants with chloramphenicol, tild not

significantly alter their rate of infected scleral Implants q In

a later study, Hahn, Lincoff, Llncoff, and Kreissig deter.

mined that the same organism found on routine intra -

operative conjunctival culture was usually the infecting

agent in infected sclerai implants.l” They felt that the

source of infection was contamination at the site of the

buckle operation. Perhaps more emphasis should be placed

on sterilization of the conjunctival Sterilization of the

conjunctival ultimately might decrease the incidence of

Infectious endophthalmitis.
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~, INGREDIENT NAMEs

TINIDAZOLE

B. Chemical Name:

l-(2-ethylsuphonylethyl)-2-methyl-5 -nitroimidazole

C. Common Name:

Fasigin

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Assay: 99.36%drybasis

E. Information about how the ingredient is supplied:

An almost white or pale yellow, crystalline powder, odorless,

F. Information about recognition of the substance in foreign
pharmacopoeias:

British Pharmacopoeia1993

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Ripa, T. The plasma half-life was about 13 hours. Chemotherapy, Bus/e, 1977; 14:
1084.

Jokipii, A. M. M Concentrations in the CSF. Jantimicrob. Chemother., 1977; 3:239.

Sawyer, P.R. A review of tinidazole in the treatment of trichomoniasis, amoebiasis, and
giardiasis. Drugs, 1976; 11:423.

,-

Wiist, J. Figures achieved with metronidazole and ornidazole. Antimicrob, Ag
Chemother. 1977; 11:631.



Wke, R. The median minimum inhibitory concentration of tinidazole against Bacteroides.
Chemotherapy, Basle, 1977; 23:19.

Klastersky, J. The activities of clindamyci~ tinidazole, an doxycycline in vitro.
Antimicrob. Ag. Chemother., 1977; 12:563.

Bakshi, J. S. Amoebiasis. Drugs, 1978; 15(Suppl): 1,33.

Apte, V. V. and Packard, R. S. Excellent response was achieved in patients with
trichomonal vaginitis. Drugs, 1978; 15(Suppl 1): 43.

Welch J. S. A single doe of tinidazole was as effective as the longer regimen. A4edJ
Aust., 1978; 1:469.

Levi, G. C. A cure-rate in patients with giardiasis treated with tinidazole. Am J trop ~eal
Hyg. 1977; 26:564.

Anjaneyulu, R. Trichomoniasis. J int. medlles., 1977; 5:438.

H. Information about dosage forms used:

Capsules

I. Information about strength:

150mg twice a day

J. Information about route of administration:

Orally

K Stability data:

Manufacture Date: June 1997
Expiration Date: June 2002
Store in a well-closed container, protected from light.

.—=

L. Formulations:

Page -2-



—-._- M. MisceJ1aneous Information:
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Quantity Batch

MATERIAL TINID AZOLIE .,.JP 12 .. .

I-/~-(ethylsulfonyl) -ethyl~-2-methy l-5-nitrOirni.daz’Ole’-., Kg. ..10.-. 7.5179............. ..... . . ......... ...............

Empirical formula. c8H13N204s

Molecular weight 247.28

Specific rotation,,..., ....... ........ ... ... .

Light absorption

. . . .. .

Loss on drying .......... ..o..2S65%

Residue on ignition 0..046%

Chloride............................................. .... ....

Sulfate....................................................

%
Heavyn-tetal$..,. max.. 10 ppm

Identification::: :positiVe.. . ........... .

.. . ....

crystalline powderAspect

Color ., creamish

odourOdor characteristic

Taste

Melting point !.26..}.0c.

Boiling range

Volubility conforms

..

PH. , . . “7’Titer(Assay) 99.36% dry basis__o

. .....-. .

Related substances by TLC :
Other requirements, notes”

passes.
. .. . .
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QUALITY CONTROL REPORT

CHEMICAL NAME. :TINIDAZOLE

MANUFACTURE LOT NO. :77405

PHYSICAL TEST

- USP_/BP_/~RCK_/NF_/_T . _/ CO. SPECS ._.SPECIFICATION TEST STANDARD. .

l)DESCRIPTION .:
~ PALE YELLOW FINE CRYSTALLINE POWDER; ODORLESs.

F“
\

2)SOLUBILITY .:
SPARINGLY SOLUBLE IN WATER AND IN ALCOHOL; SOLUBLE IN DILUTE ACIDS.

.— — 3)MELTING POINT.:
MELTS AT ABOUT 126-127 degree.

4)SPECIFIC GWVITY. :

5)IDENTIFICATION. :
A)COMPLIES (A) AS PER IR SpECTRuM COSSpECS”

PASSES. :

COMMENTS .:

FAILS .:

ANALYST SIGNATURE. : DATE .:

PREPACK TEST. : DATE. : INITIAL. :

mTEST .: DATE. : INITIAL. :
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------------------ IDENTIFICATION -------------------

PRODUCT #: T3021 NAME: TINIDAZOLE
CAS #: 19387 -91-8
MF C8H13N304S 1

SYNONYMS
BIOSHIK * CP 12574 * 1-(2-(ETHYLSULFONYL)-ETHYL)-2-METHYL-5-
NITROLMIDAZOLE * FASIGIN * FASIGYN * lH-IMIDAZOLE, 1-(2-
(ETHYLSULFONYL)ETHYL)-2-METHYL-5-NITRO- * PLETIL * SIMPLOTAN *
SORQUETAN * TINIDAZOL * TINIDAZOLE * TRICOLAM * TRIMONASE *

------------------ TOXICITY HAZARDS -------------------
RTECS NO: N16255000

IMIDAZOLE, 1-(2-(ETHYLSULFONYL)ETHYL)-2-METHYL-5-NITRO-
TOXICITY DATA

ORL-RAT LD5O:271O MG/KG IYKEDH 11,811,80
IPR-RAT LD50:2720 MG/KG IYKEDH 11,811,80
SCU-RAT LD50:3000 MG/’KG IYKEDH 11,811,80
IVN-RAT LD50:>250 MG/KG YKYUA6 32,204,81
ORL-MUS LD50:3200 MG/KG JMCMAR 21,781,78
IPR-MUS LD50:2730 MG/KG IYKEDH 11,811,80
SCU-MUS LD50:3940 MG/KG IYKEDH 11,811,80
IVN-MUS LD50:>250 MG/KG YKYUA6 32,204,81

..=, TARGET ORGAN DATA
BEHAVIORAL (SOMNOLENCE)
BEHAVIORAL (CONVULSIONS OR EFFECT ON SEIZURE THRESHOLD)
LUNGS, THOkAX OR RESPIRATION (CYANOSIS)
ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES

(RTECS)
DATA IS PRESENTED HERE, SEE ACTUAL ENTRY IN RTECS FOR COMPLETE

INFORMATION.
------------------ HEALTH HAZARD DATA -----------------

ACUTE EFFECTS
HARMFUL IF SWALLOWED, INHALED, OR ABSORBED THROUGH SKIN.
EXPOSURE CAN CAUSE:
GASTROINTESTINAL DISTURBANCES
NAUSEA, HEADACHE AND VOMITING
URTICARIA, FLUSHING, PRURITUS, DYSURIA, CYSTITIS, DRYNESS OF THE

MOUTH,
DIZZINESS, VERTIGO, AND VERY RARELY, TNCOORDINATION AND ATAXIA,

A METALLIC, SHARP, UNPLEASANT TASTE, FURRY TONGUE, GLOSSITIS,
AND STOMATITIS
EXPOSURE TO AND/OR CONSUMPTION OF ALCOHOL

.- MAY INCREASE TOXIC EFFECTS
CHRONIC EFFECTS

POSSIBLE CARCINOGEN



=—’% POSSIBLE MUTAGEN
FIRST AID

IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS
CONSCIOUS

CALL A PHYSICIAN
IN CASE OF SKIN CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES REMOVE CONTAMINATED CLOTHING AND

SHOES CALL A PHYSICIAN
IF INHALED, REMOVE TO FRESH AIR IF BREATHING BECOMES DTFFICULT,
CALL A PHYSICIAN
IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES, ASSURE ADEQUATE FLUSHING BY SEPARATING

THE EYELIDS WITH FINGERS. CALL A PHYSICIAN.
-------------------- PHYSICAL DATA --------------------

MELTING PT: 127- 128’C
VOLUBILITY: CHLOROFORM-SOLUBLE

APPEARANCE AND ODOR
—.. SOLID,---

------------ FIRE AND EXPLOSION HAZARD DATA -----------
EXTINGUISHING MEDIA

CARBON DIOXTDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.
SPECIAL FIREFIGHTING PROCEDURES

WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING
TO

PREVENT CONTACT WITH SKIN AND EYES.
------------------- REACTIVITY DATA -------------------

STABILITY
STABLE.

HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS
THERMAL DECOMPOSITION MAY PRODUCE CARBON MONOXIDE, CARBON

DIOXIDE,
AND NITROGEN OXIDES.

HAZARDOUS POLYMERIZATION
WILL NOT OCCUR,

--------------- SPILL OR LEAK PROCEDURES --------------
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED

WEAR SELF-CONTAINED BREATHING APPARATUS, RUBBER BOOTS AND HEAVY

RUBBER GLOVES,
SWEEP UP,PLACE INA BAG AND HOLD FOR WASTE DISPOSAL,
AVOID RAISINGDUST.



—
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS

COMPLETE
WASTE DISPOSAL METHOD

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN
INA

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

NIOSI-UMSHA-APPROVED RESPIRATOR.
USE ONLY IN A CHEMICAL FUME HOOD.
COMPATIBLE CHEMICAL-RESISTANT GLOVES.
CHEMICAL SAFETY GOGGLES.
HARMFUL BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED,

POSSIBLE RISK OF IRREVERSIBLE EFFECTS
WEAR SUITABLE PROTECTIVE CLOTHING
DO NOT BREATHE DUST
POSSIBLE CARCINOGEN
POSSIBLE MUTAGEN

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
—--.— PURPORT TO BE

ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE
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Thidazole* A~p )773 ‘solution (5)Dilute4mlofsolution (4)to 10 ml witi

~--– , r me~hano[.

/’
,..,

/ ~~SvcH3

I

N<
Me

C~H,JNJ04S 247.3 19387-91-8

Definition Tinidazolecontains~clessW 98,00/0 and

not more than~of 1-(2-ethylsulphonylechyl)-2-

methyl->-nicroimidaole,C8HI ,hT20~S,calculatedwlrh

~ferencetothedrieds~bsmnce.

Characteristics An almost white or Rale@qw,
crystalline po_wder; practically insoluble in wate~ soluble

in-;ci&e and in dtihloromethane; sparingly solublein

mezhanol.

Identification Idennj$carwn rest C may b<omitred 17
tiennj$cation tests .4, B, D and E are cam”edout. l&nnfica-
non [emsB, D and E may be omirred jf idenr@an”onrestsA
and C are catid our.
.%.kfelring poinr, 125’ to 128°, .4ppendixV A,.\lethod I.
B. Dissolve 10 mg in mtrhanol and dilute to 100 ml wirh

the same solvent. Dilute 1 ml of the solulion to 10 ml

tlich merhunol. Examinedberween 220 nm and 350 m,
Appendix II B, the solution shows an absorption maxi-
mum at 310 nm. The s.omfic absorbance at the maximum
is 340 to 360.
C. Examine by infrared obsorprwn sptcrrophotomet~,

.\ppendix II A. The absorption maxima in the spectrum
obtained with tie substance being examined comespond

in position and relarive intensity to those in tie spectrum
obtained with n“nidazok EXRS. Examine the substances
prepared as discs.

Solutwn (6) Dissolve 10 mg of 2-methyl-5-nitroimtizoh
(tinidazole impurity A) in methanol and dilute to 100 ~
with the same solvent.
Solution (7) Dissolve 10 mg of tinsdazole impurity B
EPCRS in merhanof and dilute to 100 ml with the same
solvent.

Heat the plate at 1I0° for 1 hour and allow to cool.
Apply separately to the plate 10 @ of each solution.

Develop over a path of 15 cm using a mixrure of 25
volumes of buran-1-ol and 75 volumes of dsyf acetare.

Allow the plate to dry in air and examine in ukrawiolet
[ighl (254 nm).

Any spots comesponding to tinidazole impurity A and
to tinidazole impuriry B in the chromatogram obtained
wirh solution ( 1) are not more intense than the corres-
ponding spots in the chromatogram obtained with
solutions (6) and (7), respectively (0.50/o).

Any other secondary spot in the chromarogram obtained
with solution (1) is not more intense rhan the spot in the
chromarogram obtained with solution (4) ((). S”/O) and at
most one such spot is more intense than the spot in the
chromatogram obtained with solution (5) (0.20/0).

Heavy metals 1.0 g complies witi fimir rdst Djor heaq’
merafs, Appendix W (20 ppm). Prepare the standard
using 2 ml of lead standard solurwn (10 ppm Pb).

Loss on drying NOI more rhan 0.5°/0, determined on 1 g
by drying in an oven at 100° to 105°, Appendix IX D.

!3dphated ash Not more than O.10/0determined on 1 g,
Appendix IX A, Method H.

Assay Dissolve 0.15 g in 25 ml of anhydrous aceric acid.
Titrate with 0.1 M perchhsc acid L’S, determining tie end
point potentiometsical[y, Appendix VIII B. Each mi of
O.1.Mperchlon”cacid VS is equivalent to 24.73 mg of
C8H ,~~30+S.

D. Examine the chromatograrns obtained in the test for
K1

Storage Store in a well-closed container, p~rected ~m
Related substances. The principal spot in the chromam- @.
gram obtained wkh solution (2) is similar in position and Action and use Antiprotozoan; antibacterial.
size to the principal spot in rhe chroma(ogram obtained 1[96
wirh solution (3).
E. To about 10 mg add about 10 mg of zinc powder, I
0.3 ml of hydrocldck acid and 1 ml of cater. Heat in a
water bath for5rniswesandcool.The solutionyields
rhereactioncharacrensucofprimary aromarti amines,
.ippendixVI.

Appearance of solution Dissolve 1.0 g m acerone and
dilure to 20 ml wit-h rhe same solvent. The solution is
clear, Appendix IV .+, and not more intensely coloured
than referencesohmim Y:, Appendix IV B, >IetiodII.

Related subsrassces Examine by rhin-la~er chromazo-

graph-y, Appendix III A, using sdica gef GF2~4 as tie

coating substance.
Sohmon <1) Dissolve 0.20 g of the subsmnce being

The tmpurittes Urnited by the requirements of this
monograph include:

N02

2 -methyl- 5-nitro- 1H-imidazole ‘,ti&’NH
(tLnidcszok irnpudy 4 N ~..

Me

00

1-(2 -et.hylstdphonylethyl)-Ofl .Z: ~ ‘..,S“.<CH3

2-methyl-4-nihoirnidazole N.
KinicicuzoleirrywityB) Me

examined in mtrhano[ wirh tie aid of ultrasound and
dilute ro 10 ml wirh the same solvent.
Sofurwn @ Dilute 1 _rdof solution (1) to 10 ml wirh
merhanol.

Solurwn (3) Dissolve 20 mg of rirnahzok EPCRS in
nrerhano( and &lure to 10 ml ‘.virh the same solvenr.

Sdurwn (4) Dilu[e 1 mlOfsolution;2;ro20mlwti.
merhano[,



984 Metronidazole and some other Antiprotozoal Agents

suramm had diffmrrg [oxici!). Storage in the tropics
probabi y also SSTected the pxertcy— E. N nochlri,
Trans. R. Soc l?op Med. Hyr,, 1964, 58.413.

Adverse Efiecvs. Suramin may cause nausea,
vomiting, abdominal pain, diarrhcxca, urtiaria,

_col!apse, paresthesia, hyperaes[hcsia of the
.-— ‘ands and soles of the feet. peripheral neuritis,

:ver, skin rash. dermatitis, photophobia, lach-
rymation, am bi}opia. and uveitis. A serious effec!
IS albuminuriz. with the passage of casts and
blood cells. Agranulocytosis and haemolytic anae-
mia are rare.
When used in onchocerciasis some of the effects
may represent an allergic reaction to the killed
filariae.
References: Second Report of a WHO Expert CoannrkI-
Iee on Orxdmcercmsis, Trch, Rep. Ser. Wfd Hlrh O-g.
No, 33S, 1966.

_-.—

_-

Prcgaucp ●ad rAa aaurtx Stsramin had teratogenie
effcets in mice.— H. Tuchtnarm-Duplaais mrd L.
Mercier-Parot, C~. Sianc. Sac Biaf.. 1973, 1sS7, 1717,
per Trop. Dis. Bull.. 1974, 71, I I 07. A woman with
advanced trypancsomimis wax sueccasfully treated with
srrramin and melamoprol, in addition to suf!qsnrtive ther-

apy, from the 20rh wek of pregnancyshe gave birth to
an apparently n-l child.— M, N. Lowcxxthal, Med.
;9rsmbia, 1971, 5. 175, per Trop. Dis. Bull., 1972.69,

Precautions. It should not be tsacd in the
presence of renai discaae or adrenal insufficiency.

Altsorptioa and Fste. Following itstravenotts injec-
tion, staramin becomes bound to plasma proteins
and a low concctstration in plasma is maintained
for up to 3 mon:hs.

Uaea. Suramin is used in the treatment of the
early stages of African trypanosomiasia, espe-
cially Trypanosoma rhodesiense infectiom: but as
it does not reach the cercbroapinal fltud it is
ineffective in the advanced disease when the cen-

lral nervous sys:em is affected.
Suramin is administered by intravenous injection.
To test the patient’s tolerance. it is advisable to
begin treatment u ith an injeaion of 200 mg fol-

+y~, if well tolerated after 24 to 48 houm by a
sc of 20 mg ~r kg body-weight (up to 1 g) on

ays I, 3, 8, 15. and 22. The urine should be
tested before each dose, and if protein is present
the dose should be reduced or administmtiort
delayed.
Combined therapy with tryparsamide haa been
used. partictslarl! for late T gambiessse infection;
I 2 injections can be given intravenously at inter-
vals of 5 days. each mntaining suramin up to
10 mg per kg My-weight (max. of 500 mg) and
tryparsamidc up to 30 mg per kg (max. of 1,5 g),

as a 20% solutlon prepared immediately before
USC. Two or 3 such courses have been given at

intervals of 1 month, Suramin is more commonly
used in conjunction with meiarsoprol.
Suramin has also been used in the prophylaxis of
trypatroaomiasis. in a dose of 1 g to provide
protection for up 10 3 mon!hs, bu! it may mask
latent infections. As with pen[amidinc, it is
important to detectmore advanced infections and
to treat these ul~h melarsoprol.
Suramin is alxc effective in clearing the adult
filariac of onch~rciasis but has only a limited
action on micralilariae. The usual dose is 1 g

[after an initial test dose) weekly for 5 or 6
weeks, Dicth} iarbamazinc is active on the
microfilariac and the 2 drugs are sometimes used
in conjunction.

Br. J. Ophthcsi.. 1978, 62.427: B. Thylefors. Bull Wld
Hlth &g.. 1978, S6. 63.

Further refermcas B. 0. L. Duke er af., Troprnmed.
Parasir.. 1976, 27. 133, J. Anderson ●r al., Tropmrrwd.
Prrrarir.. 1976, 27, 263; J.Anderson er al.. Tropenmed.
Parasi[..1976.27.279.

Trypasaasmcixxix. See RepotI of a Joint WHO Expert
Committee and FAO Expm Consultation. Trch Rrp.
Ser. Wld Hlth Org. No 633. 1979.

Preparatiotxs
~ [Bjactkaa(il.P.C. f973). A sterile solution of
suramin in Water for Injections. prepared by diaaalving,
immediately before MC. the sterile contents of a saakd
coattainer in the requisite amount of Water for 1njec-
tiam. Stare the sealed mntainer in a cad place. protect
from light.

Proprietary Namea
Gcrmanin (&xycr. Ger.h Moranyl (Specia. Fr.J.

4798-p

Tecloxass.Win 13,146. Nh”-pPhmyl-
ecxcdimcthylenebia[2,2dichloro-A’-( 2-ethoxycthyl)acel -
amide].
CmHmCl,NIO, = 5s32.3.

CAS — 5s6&7B-1.

White cryatala. M.p. about 142”, Slightly aatubk in
water,

Adverse E41ac$a. Headache. nauaea, vomiting, diarrhoea,
md constipation have been reported. but txclo=n is
gmerally well tokratcst.

Uaa. Tcckozan is used in the treatment of intestinal
amoabiaaia. About 20% of a daae is stated to be
●bsorbed and to k rapidly excreted. The usual doac is
100 m thri~ &ily for 5 dafi, or 500 mg daily. in
divixi~doses, for 3 days
Of 5I patients with chronic intestinal amoebiasis given
teclozan 750 mg daily in divided dmea after meals for 2
days. 43 were reported to be cured a further 5 patients
rearrondedto a secondmurac of treatment with mcloxarr.
Ttk drug waa WCIItokrawd .— D. Huggins, Artm$ Est.
nac. Saude psibl. Med. trop.. 1971, S, 29, per Trop Di$.
L%\[.. 1972.69.399.

Of 30 patients” with mild amoebiasis, 25 were reported
cured after receiving tccloxan 100 mg thrice dail) for 5
days; 2 paticnta required a acmnd course of treatment
and 3 remained reaismrtt to wcloun. Two patients dxve.
loped diarrhoea during treatment which was otherwise
wekl tolerated.— A. ArcilIa-Latonio cr al.. J Philipp.
med. ASS.. !972, 48, 137, ~r Trop. Dis. Bull., 1973.
70.345.
A cure-rate of 92.8% (at 4 weeks) was achieved in 28
boys with chronic amoebiasis ivcn teclozan 100 mg
thrice daily for 5 days.- A. ~, E1-Abdin ● al.,.
.EKvpt. med A$s., 1973, 56, 174, per Trop. Dis. Bull..
1974, 71, 1028.
Cure in 56 of 60 paticnis with intestinal amocblasis
after trcatmcm with :eclozan 1.5 g in 3 divided doses in
24 hours.— P. Fernandc-x .?! al., Folha med., 1974, 69,
293.

Cure in 26 of 21 children, aged 1 to 5 years, w!th
amnebiasis (usually chronic) after treatment with [CCIO.
zan 750 mg in 3 divided doses in 24 hours. — H. F.
Bezcrra ●t al,, Rcwo bras Med., 1977, 34, Suppl.
(Aug.), 50.

Proprietary Names
Falmonox (Wirrthzop. Arg.; Wlnrhmp. USA)

%

4799-s

Orchaccrciasis. Lessoculardc:ecioration was obxc =~” ‘“[2-
sulphonyl)ethyl ]-2-methyl- 5-nitroimidazoie.

in a group of patients with onchoscrcimls who had keen
treated 14 to 15 >~rs earlier w!th a sinfllc full course of CAS — 19387-9/4
suramin 4.2 g. (ban was seen m a s~milar untreated
group. — F. H. Buddcn, Trmts R. Sac /rep. Med. Colorless crystals. M.p. about 127”.
HYg., 1976. 70, 484 The Incidence of optic atrophy Adverse Effects and Precautions. As for Met-
Incre.ascd from 1 In 2S IO 5 in 25 three yeara after ronidazole, p,968,
paimnts had been treated wl[h suramin 5.2 g (total
dmc) for ocuiar onchocerctasis. There was no change t~Absorption and Fate. Tinldazole is absorbed from

~c Incidence ( 1 ]n 23) in 23 paucnrs not givmk-catinal tract
,am!n. — B. T’n>lc.fors and A Roliand. f3u/1, W/d pharmam ,ne ,~ of ~l”ldazolc and ~c\ronidazOl< ,“
[h Org 1979, !:, 479. man and in mice.— J. A. Taylor et al,, Anr/m/crob Ag

tir!cf dwcusstons of the treatment of onchoccrciasis. — Chtmorher., 1969.267.

The bwlogcal half-life of tinidazolc was 12.7 hours
after admimstration of 150 mg as a single doac anc
when admlmstercd [wicx daily for 7 days to 7 volun.
tecrx. The maximum scnsm eoncenwalion was 8.91 I+
per ml.— P. G. Welling and A. M. Monro, ,4rzn#irrr/r.
tel-Forsch.. 1972, 22, 2128. Sec also B. A. Wood anc
A. M. Monro. &. J. vcrrcr. Dis.. 1975, SI, 51. p:
Abstr. Hyg.. 1975.50, 3g2.

The peak serum mnc&trations of tinidazole m 4 volurl-
tccra 6 to i 1 houm after a single dme of 2 g were
between 20 and 40 #g per ml. and 48 hourx after ingfi.
tion the serum corxarttration was still above the minima,
michomanacidal concentration for moat of the 8 strains
of Tn”chomonas vaga”nalis examined.— A. Fors&rcn anti
J. WaOin. Br, J. vercer. Dis,, 1974, 50, 146 and 148. per
Abstr. Hyg.. 1974.49, 593.

In 6 gynecological patients given a single dose of tint.
damlc 2 g peak serum concmrtrations were 32 10 52 ug
per ml 3 to 6 houra after the dose, and 18 to 35 pg per
ml 8.5 to 15 hours after the dose. Concentrations in
saliva, vaginal aecrctions, peritoneal fluid, and various
tissue homogenates were broadly mmparablc with those
in serum. The plaanra half-life was about 13 hours.— T
Ri hcrapy, Basle, 1977, 23, 227, PC:

sfr.. 1977, 14, 10g4.

In 4 healthy subjects given tinidazolc 2 g mnccntra[ions
in the CSF 90 minutes later (17 to 39 tie oer ml) were
S8% of those in aerrsm.— A: M. M. J~ki’ ii cr bl.. J
msirraicrab. Chemother., 197~

U- ~lnidazolc which is a nitroimidazole Iikc
mctromdazole has antiprotozoal activity and ij
effective against Trichomonas vaginalis, Enfam.
oeba his~olytica, and Giardia lamblia. 1( is a kc
active against anaerobic bacteria.
In trichomoniasis it is iven bv mouth in a dose
of 150 m twice daily or 7 daya or as a si,lgle
-to both mc!and womctt. It has been
given -ilar doses in the treatment of giar.
diasis.
In amocbiasis doses of 2 g once daily for 3 da::
arc commonly ttacd,
A review of tinidazole in the tremmcnt of I?..
chomoniaais. amoebkis. and giardiasis.— P, R Saw:~-
et al., Drugs. 1976, II, 423,

Proceedings of a symposium on the use of tinidazolc ::.
the treatment of amoebiasis, giardiasis, and II.
chomoniasis.— ~ 1978, )5, Srsppl. I. 1#.

The following anaerobic bacteria were inhibited 5.
3.1 #g per ml of tinidazolc and killed by 6.3 Pg per m:
Bacteroides fragilis and melanirsogenicrss,Clostrldtu -:
per~ringcns and other specicr of cloatridia, Eubacrerj u m
Fusobacterfum. Peptocaccus, Pcprostreptococcus. a ?.:
Veillome/la spp. Propiom”bacrerium acnm was rcla t ivct
rcaiatant. The same figures were achieved u ith mc’
ronidazolc and omidazole. — J, WUst, Anrimicmb -!;
Chemofher., 1977.11.631. —

The median minimum inhibitory concentration of tIr.
dazole against 13acreroides spp was 0.12 Kg per rr
mmpared w[h 0.25 ISg per ml for metromdazolc O-
nimorazolc.— R. Wiac e! al,. Chtmofhtrapy, Bas/:
1977.23. 19. —

The actwitirs of clindamycin, tinidazolc. and dox>c!.
clinc in virro were mmpared against 376 anaerobic ba:-
tcria. Clindamycin and tinidazole had MICS of 0,5 arc
3 pg per ml respectively against 90% of 2@3 slrains 2’
Bacleroidc$ fragih$, Tinidazole had an MI C of 12 -g
per ml against 72 s!rains of the C/osrrid~um spp bu:
bcnzylpenicillin and ampicillin were more active Tln -
dazolc was generally less active than bcnzylpenlcill!r
ampicillin, ccphalothtn, mrbznicillin, crythromya~,
chioramphm! ml, tetracycline, and doxycyclinc aga!ns:
20 strains of Bacreroides melaninogenicus, 54 of In<
Fusobacrer/urrr spp., and 30 strains of anaerobc
Gram-positive cocci.— J.
AZ Chemorher. ,977 ~~sk? et al.. Amm,m.+!,.

Amocbiasis. In a aerica of controlled studies 436 patlcn:s
with intestinal amoebiasis were trca!cd with Iinidazole
600 mg twice daily for 5 days or 2 g once dail~ for :
days, or mctronidazole 400 mg thrice daily for 5 days c-
2 g once daily for 3 days. Cure-r? ies for tinidazolc we:?
97.2% and 88.3% reapcctivcly in p~uents passing troph,~
zoitea and B1.2% and 93.4% in those passing cysts, cor
pared with 87.5% and 73.3%, and 84.2% and 47.3% io-
mctronidazolc. A cure-rate of 96% was achieved in S:
patients u ilh bcpatic amocbiasis given !inidazolc 2 ;
once daily for 2 days, compared wi!h 75.5% in 49 gilc~
metronidazolc A cure-rate of 88.3% was achieved in Q:
patmrts w!th giardiasis given tinidazoic in a mean do+:
of 61.8 mg pzr kg as a slnglc dose, compared wIIi.
46 7% in 92 given metronidazole 56 mg per kg — J 5
Bakshi er aj.. ~1978, /5, Supp/ 1, 33 I

1
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I
In a mul~iccmrc study in 8 countries a cure-rate of 95%
was achieved in 502 pat!ems with amocbiasis given \ini-
dazole 26 once daily (50 mg per kg twdy-weight for
chddren) ,for 2 or 1 da>s. An excellent rcapxrac was

-- $hieycd m 60, and a good response in 17, of 82 with

(

(

pauc amacbfasls. A cure-rate of 86% wzz achicwd in
J children with giardiasis given a single dose of about

50 mg per kg. A cure-race of 95 2% was achieved in 859
pa[lencs with Irichomonal vaginitis given a single dose of

. 2 g.— V. ‘J. Apte and R. S. Packard, ~1978, /j,
Sluurl. I. 43.
Of’ 58 aboriginal children Infocted with Girzrdia hrmblia
or Entamaeba hisIolyIIca 23 received a single dose of
timdazole 1 to 1.5 g. 23 unidaxole I to 1.5 g daily for 3
6x}s. 23 metronidazale 200 mg twice daily for S days.
and 19 were left untreated. Both metronidaxolc and tini-
dazole successfully cleared thx mx@rity of G. Iambliu
infections but &. hisfol,t rlctr infections were more effec-
tively treated with tinidazole. ~A single dcac of tinidazoic
was as effective as the longer regimen. No adverse rcac-
uons occurred with either drug.— J. S. Welch ●r al.,
wed. 1. Arss1., 1978, 1, 469.
Further referencm N. [slam and M. Hasan, Ccwr. rher.
Res.. 1975, 17, 161; J. X. Scragg ●t al., Archs Dis.
Childh.. [ 976, 51.385.

Scc also under Amocbiasis, abavc.
Further refcrcrrcca: L. Jokipii and A. M. M. Joki ii. /,

$infect. Dis., 1979, 140, 984; M. B. Tadroa, J, gypr,
Sac. Parasit., 1979, 9. 467, per Trop. Dis. Bull., 1980,
77, 125; A, Sabchareon et al., S,E. Asian J. trap. med.
~b~6;fth. 19g0, 11, 280. pcr Trop. Dis, Bull., 1!?81,

Prophylazil in mrgsry. In a pmspcctive. randomised,
double-blind study of 6 mamha’ duration invokving 71
ptienta 2 g of Iinidazoie 8ivcn before surgery ps-smntcd
wamsd infection after elccrivc Colonjc aurgcry in 37 of
40 ptienta in cmrnprixon with 28 of 31 patients treated
with placebo.— P. S. Hunt et af., Med. J. Arast., 1979,
1. 107.
postoperative infections occurred in 6 of 50 patients who
received 2 g of tinidaxrxkc 12 to 18 hourx Lmforc
undergoing elective abdanrinal hystcrccsamy and 2 48
baurs poatopcrativclfi infections acarrrcd in 28 J 50
similar control patients.— P. C. Appelbaum et al.,
Chemotherapy, Basle. 1980.26. 145.
Further rcfcrcncu: J. Adno and R. Csaa.cl. S. A/r. med.
J., 1979.56. 565 (gynaccalogical surgery); M. Karhunen
et al., lb. J, 06s[er. Cyrracc., 1980. 87. 70 (hystcrec-
tamy).

ti>er abscem. Tinidazole 57 mg per kg body-weight Trichamoniuis. Tinidazole 28 as a aingie dose pr&

6ZIIY for 5 days or 50 mg /CC kg daily for 3 days was
duccd parasitofogial cure in 47 of 50 patients with tri-

effcctive in the treatment o amocbw Iwer abaccaa in 23 cho~ia~i~. mpr~ with 32 of 50 given mct-
0( H children aged 3 months to 6 cam.— J. N. *ra

/

mnidazolc.— R. Anjancyulu et ai,, J. iru. med.Res,,

and E. M. Proctor, Archs Dis. ChI dh,, 1977. 32. 408. ~1977, S, 438. _

Of 16 patients with hcpatic amoxbiasis 15 were cured
afler Ircatmcm with timdazolc 28 as a single dose &aily
for 3 to 6 days. compared with 12 of 15 given met-
mn!dazole in the same dosage regimen for 4 to 10
da}s.— N. Islam and K. Haaan, Drugs, 1978. 15,
Stippl. 1, 26.
Further rcfcrcrrcu.— H. A. Meyer, E, A~r. med. J,.
1974. S1, 923, per Trop Dis. 8ss[1.. } 975. 72, 720 S.
%, Vathur ●: a[,, J. int. med. Res,, 1977.5.429 M. A.
Quaderi el al., J. Irop, Wed. Hyg.. 197g, 81.16.

Giardiasis. Cure in 35 of 38 children with giardiasis
after a single dose of tinidazolq 2 others were cured
after a second dose. Doses were under I vur. 500 mw
7 years. I g: 12 years, 1.5 g.— S. Danzi8 ~nd “W. L. ~:
Hatchuel (Ixtter). S. A r. med. J.. 1977, 52. 708, per

{‘-on. Dis. Bull.. 1978. 5. 783.

we-rate of 96.7% in patients with giardiasis treated
h tinidazole 150 mg twice daily for 7 days.— G. C.

“%,+d;i.:lzt -YdflyQ’%2 :: ;?SX;
and R. E. AMalla, J. ‘r~o~. Med. Hyg.. 1977, 80, 11.
ocr Trocr. Dis. Bull.. 1977. 74. 731.

Further rcpartz O( the successful usc O( 2- data of
tini&zolc in women.— H, T. M. Rao and %. R. She-
noy. J. im. med. Res.. 197g. 6, 46: J. P. Ward, Med. J.
Arast.. 1976, 2. 651; R. Jones and P. Eden. ibid.. 1977,
2, 67% M. Massa ●t al., Baln chil. Para.rit., 1976.31,
46, psr Trop. Dis. Bull,, 1977.74, 291.

Successful usc in men of single I-g daxca of tini6az-
ole.— N. Kawamurx, Br. J. verrer. Drs., 1978, 54. 81.
per Absfr. lfyg., 1978.53, 465.

see also under Amocbiaaix, above.

Vaginitia. Administration of a single dose of tinidazole
2 g to 3S women with Gardncrella wginalis {Haemoph-
ifua wzgfnali$) infection led to disap~mnm of the bac-
teria in 33; of the other 2 women Me count was reduced
in one and a repeat !rcatment was suc~f~ in the
second. Two women relapsed after 15 to 20 days and
repeat treatment was suaeaaful. All the ~tienta’ partn-
cn were given tbe same dose of tinidazakc. and
abstinence from sexual intcrcmrsc was recommended for
at hat 24 hours.— M. Bardi CI al. (letter), Laster,
1960, 1, 1029.

Scc also under Trichomoniasia. above.

cure o~ 53 of 5S ~tienu” wi;h giardiasis given (inidaz- .~e~ NaH
ole 2 g as a single dose. — N, A. El Masry ●t af.. Am.

~+
7Fasi in (P Izer, Itaf.); Fasigyn (Pfizer. Arg.; Pfizer.

J. z?op. Med. Hyg,, 1978. 27, 201. per Trop, Dis. Bull.,
1978. 7s. 544.

A us ral.; Roerig. Belg.: Pfizer, Derrm.; Pfizer. Ne:h,;
Pfiztr. Narw.; Pfizer, S, Afr,; Pfizer. Sued.; Pfizer,

Switz.); Faxigync (Pfizer, Fr.); Simplotan (Pfizer. Ger.):
Tricbogin (Chiesi. Ital.); Tricolam (Pj7:er, Spain).

Tryparaaasi& (B.P. f 968). Tryparaam.; Tryparsami-
dsrrruGlypkscaarsin~ T~norsc. Sodium hydrogen 4-
(arbasnoylmcthy lamina)phenylarxmsatc hemihydrat.,
CtH&sNzNaO,,!+HzO= 305.1,

CAS — 5S4-72-1 (arrhydrotcs); 6159-2%1 (hemihydrare),

Pharmacopoeias. [n lid, fro.. [I., Mex.. and Turk.

A cwknstlcs, adourlsaa, crystalline powder which is
slowly affsxtcd by light.
* I in 1.5 of water, forming a neutral aalution:
SCArrksk1 in 3500 of almhol: practically insoluble in
chbzrafarm and ether. A 4.62% solulion ia iao-osmotic
with serum. Aqueous aalutiona deteriorate on s[oragc
@ s- * * immediately after preparation: sOlu-
trorasfar mjcctlon are prepared aseptically. Store in a
d pkacc in small airti8ht containers. Protect from
light.

A&assa ftff~ Side-effects include dizziness, tinnitus.
N- mmng. bcadacksc, fave{,exfoliative dermatitis.
~ SC@MSX. ●nd bmdyardla immediately after an

‘“-” ‘w ‘mv ‘/ aw ‘r”Thc rtrat acrroua toxrc cf ect la upon the optic nerve.
Trcxtmeot should be discontinued immediately if visual
defects a~~ thau~, blindness may occur suddenly,
-Y If optic InJury is already present, visual
defectsmay not became apparcm until a few weeks
after a morac of treatment has been completed.

U- Trypanamide is trypanocidal, Wcausc it pcnc-
tratca the oxrcbroapinai fluid it has been uacd in the
trutmem of African trypanosamiasis with central
Ocrwua syayem involvement particuiarl y in Trypasrcmrma
-ewe mf~om. It haa been 8iven in daacs of 30 to
~ nag PCS kg body-wci ht (up to maximum of 2 g)

!ustrawrsauxly ach week or 12 to 14 weeks. The trypan-
aarsrca mxy become miscant to tryparazmide. Because
O( the risk of blindncaa. melaraaprol is now preferred.
Far the usc of cryparxamidc in conjunction with
summits. xcc p.984.

--
Tsy~ fajecdaa (BP. 1968), Tryparsam. lnj, A
startle solution in Wlter for Injections, prepared by dis.
solving. immediately bcfarc USC,the sterile contents of a
scaled container in the requisite amount of Water for
Injections.
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High performance thin layer chromatographic analysis of
hydrolyzed tinidazole solutions. II. Hydrolysis kinetics of
tinidazole.
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Journal of Pharmaceutical & Biomedical Analysis.
14(8-10):1267-70, 1996 Jun.

Abstract
In a citrate-borate-phosphate buffer, 5 mM tinidazole
solutions exhibited maximum stability stability around pH
4.0-5.0. The hydrolysis of tinidazole was mostly a
first-order reaction. At pH 10.0 and 60-80 degrees C,
tinidazole had an activation energy of 122 kJ mol-1 for
hydrolysis. It was postulated that tinidazole decomposes by
different mechanisms under basic and neutral/acidic
conditions.
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High performance thin layer chromatographic analysis of
hydrolyzed tinidazole solutions. I. Development and
validation method.

Source
Journal of Pharmaceutical & Biomedical Analysis.
14(8-10):1261-6, 1996 Jun.

Abstract
A stability-indicating high performance thin layer
chromatography method for analyzing hydrolyzed tinidazole
solutions using silica gel plates was developed and
validated. The mobile phase used was methanol-diethyl
ether-chloroform (1:9:3, v/v/v) allowing small changes in
its composition. Detection was at 314 mm. Rf values being

0.1-0.4, baseline resolution was achieved for tinidazole
and the hydrolysis products. The analytes were stable on
the sorbent and could be precisely and accurately measured
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in the range 20-170 ng per band.
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